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A 3-day intensive in-country t ra ining course in small-
scale seed business management and market ing was
conducted in M a l i , Niger , Niger ia and Senegal. In each
country 25 rural entrepreneurs inc lud ing emerging small-
scale groundnut seed producers attended the t ra ining.
Loca l consultants were hired to conduct the course.
Enhancing skills of rural entrepreneurs in
small-scale seed business management and
marketing
An independent consultant successfully conducted a m i d -
term review of the groundnut seed project in West and
Central Af r i ca ( W C A ) . I t is heartening to report that most
targets have been successfully met and farmers are aware
of the benefits of improved varieties, good quali ty seed
and production practices. A team of representatives of CFC,
PEA and the respective country coordinators supported
the consultant. The team visi ted M a l i , Niger and Senegal.
A successful mid-term review conducted
The Institut galais de Recherches Agricoles ( I S R A )
hosted a 2-day regional planning meeting from 17 to 18
February 2005 in Dakar, Senegal. The national coordinators,
and the representatives of the PEA, C o m m o n Fund for
Commodit ies (CFC) , I S R A and C O R A F / W E C A R D
attended the meeting. The objective was to review the
progress made in year 2 of the project and prepare w o r k
plan and budget for the th i rd year.
Second Regional Planning and Project
Coordination Meeting of the Groundnut
Seed Project
News from West Africa
News and Views
From the Editor
Dear Readers,
International Arachis Newsletter ( I A N ) was launched in
1987. Up to 1992, it was published twice a year. From
1993 onwards, only one issue was brought out each year
due to paucity of funds and also fewer submissions made
to the Newsletter. W i t h this issue (no. 25), I A N
completes 18 years. The support of Peanut CRSP has
been v i ta l in keeping the Newsletter al ive. I A N recipients
have overwhelmingly supported its continuation. We
hope to meet their expectations.
I A N provides an important means o f communicat ion
among the groundnut fraternity part icularly those in
developing countries. Presently, I A N accepts only short
articles. However , we shall be happy to accept one or t w o
full-length, scholarly papers that deal w i th new informat ion
from the next issue. We are in touch w i t h other Future
Harvest Centers to b r ing out an E-Journal on rainfed
agriculture. I f that materializes, accepted ful l - length
papers w o u l d also find a place there. Let us al l t ry to
enhance the value of I A N to its readers. I seek more
contributions to I A N not only from the scientists o f
Af r i ca and the Americas but also from the private sector
and farmers.
I w o u l d l ike to acknowledge R Aruna , PM Gaur,
V Leela Prasad, BR Ntare, A Ramakrishna, GV Ranga Rao,
B V S Reddy, KL Sahrawat, KK Sharma, P Singh, RP Thakur,
V Vadez, F Wal iyar ( I C R I S A T ) ; R D V J Prasada Rao
(NBPGR, Hyderabad); and PV Reddy ( A N G R A U , Regional
Agr icu l tu ra l Research Station, Ti rupat i ) w h o reviewed
I A N articles and the JS Kanwar Library at I C R I S A T for
compi l ing S A T C R I S l is t ing.
Please complete the fo rm inserted in this issue and
return i t t o u s i f y o u w i s h t o continue receiving I A N i n
future. Al ternat ively , y o u can also respond electronically
to newsletter@cgiar.org.
L o o k i n g forward to your contributions and wi sh ing
y o u the best.
SN Nigam
A study on groundnut supply seed systems in
WCA: current practices, constraints and
opportunities
The agricultural economist (Jupiter Ndjeunga) at
I C R I S A T , M a l i and partner economists in M a l i , Niger ,
Niger ia and Senegal conducted a regional survey of
Contributed by: BR Ntare
l C R l S A T
Bamako, M a l i
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groundnut supply and demand systems in the four
countries. The study reveals a l imi t ed access to seed of
modern varieties by farmers and the formal seed sector
only supplies 5% of the seed needs. The private sector
has shown l i t t le interest in the product ion of seed of
crops such as groundnut due to a number of reasons
inc luding the l o w seed v i ab i l i t y not a l l owing private
investors to keep seed stocks beyond a year, l o w genetic
deterioration and weak vertical integration between seed
and product markets, l i m i t i n g the demand for seed. The
local vi l lage seed systems are f i l l i n g the v o i d created by
the poor performance of the publ ic sector and the l o w
interest from the private sector. Farmers consistently
obtain seed from their o w n harvests, fami ly , friends or
relatives or purchase seed from local vi l lage markets.
Vi l l age seed systems offer a range of local and diverse
varieties that are accessible and are of acceptable
physical pur i ty w i t h f lexible transactions. In addit ion,
vi l lage seed systems offer a cheaper and more efficient
way of de l iver ing seed to farmers especially at l ow
transaction costs.
The study also documents the major constraints
l i m i t i n g the uptake of modern varieties or performance of
groundnut seed systems, w h i c h include:
• L i m i t e d access to seed of newly bred modern varieties
• L i m i t e d supply of breeder/foundation/certified and
commercial seed of varieties preferred by farmers or
required by the markets
• Seed production is not profitable for some seed classes
• Seed demand is uncertain and th in
• National variety release committees are missing, non-
functional or meet i r regular ly
• Poor integration between seed and product markets
• Lack of enabling pol icy and institutional environments
The opportunities to improve the seed systems include:
• Information dissemination on seed supply and demand
across the region
• A better interface between the formal seed sector and
community-based systems and between producers and
processors
• Contractual arrangements between processors and
producers to motivate farmers to use modern inputs
(varieties, fertilizers, etc) and therefore increase their
crop product iv i ty
• Sustainable arrangements that operate at l o w
transaction costs such as the promot ion of local vi l lage
seed schemes especially for crops that are bu lky
Methodological and technical guides available
Several methodological and technical guides focusing on
groundnut seed production are available on the groundnut
seed project website. These include:
• A moni to r ing and and evaluation system as project
management tool
• A methodological note on the assessment of v i l lage
seed systems
• A methodological guide on participatory varietal
selection (PVS)
• A technical guide on seed product ion and variety
maintenance
• A business plan for l i nk ing producers and processors
• A methodological guide on harvesting and d ry ing
procedures
• A note on evaluation of seed production costs
• A t ra in ing manual on business skil ls for small-scale
seed producers
Vis i t the project website at www.groundnutseedproject.org
Publication
Ntare BR, Waliyar F, Ramouch M, Masters E and
Ndjeunga J. (eds.) 2005. Market prospects for groundnut
in West Af r ica . CFC Technical Paper N o . 39. PO B o x
74656,1070 BR Amsterdam, The Netherlands: C o m m o n
Fund for Commodities; and Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute for
the Semi-Arid Tropics. 252 pp.
C u r r e n t I C R I S A T G r o u n d n u t Research a n d I n t e g r a t e d Projects
Investor
Australia/ACIAR
Common Fund for
Commodities
CGIAR/lCARDA/CAC
CGIAR Global Challenge
Program - HarvestPlus
GCIAR - Generation
Challenge Program -
ClMMYT/EMBRAPA
CGIAR/IFAR
International Fund for
Agricultural Development
(IF AD)
India/Effem India Pvt Ltd
Norway/Development Fund
Opec Fund
Philippines
PLAN International
UK - DFID/CPP/NRIL
USA/Univ of Georgia
(Peanut CRSP)
USAID/US Univ Linkages -
Univ of Georgia
USAID/US Univ
Linkages - Univ of Georgia
USAID/US Univ Linkages -
Univ of Wisonsin-Madison
USAID/NASFAM
USAlD/ABSP II
(Sathguru/Mahyco)
Project title
Improving yield and economic viability of peanut
production in Papua New Guinea and Australia using
integrated management and modeling approaches
Development of sustainable groundnut seed systems
in West Africa
Research activities on groundnut and on management
of drought in chickpea, targeted to the Central Asia and
the Caucasus (CAC) region
Genetic engineering of groundnut for enhanced -carotene
production to combat vitamin A deficiency in the semi-arid
tropics
Unlocking the genetic diversity in peanut's wild relatives
with genomic and genetic tools
Development/introduction of new groundnut varieties
suitable for Uzbekistan and their seed multiplication in
collaboration with ICRISAT
Farmer-participatory improvement of grain legumes in
rainfed Asia
Assessment of aflatoxin contamination in maize
production systems in Andhra Pradesh: A step towards
developing aflatoxin-free maize production technologies
Enhancing groundnut production in the non-traditional
and dryland areas of Malawi for improved nutrition and
poverty reduction
Improved rural livelihoods and better health: Promoting
and improving groundnut for poor farmers in Asia
Enhancing adoption of ICRISAT legume varieties and
technologies in the Philippines
Introduction, promotion and efficient seed support
system of ICRISAT 'Asha' peanut variety in Region 2,
Philippines
Collaborative project on groundnut and pigeonpea in
Malawi
Safer and better groundnut production for Southern India
Promotion of farmers' participatory management of
groundnut diseases for higher yield and nutritive value
of crop residues (haulm) used for peri-urban dairy
production on the Deccan Plateau in India
Support for regional workshop and publications
Quantifying yield gaps and abiotic stresses in soybean-
and groundnut-based production systems
Management of aflatoxin in peanut through the use of
atoxigenic strains of Aspergillus flavus
Elucidation of the peanut/Aspergillus interaction
Promoting growth in Malawi's groundnut and pigeonpea
trade through technology and market improvement
TSV resistant oilseeds - Bio-engineered sunflower
and peanut genotypes with resistance to tabacco streak
virus
Development of tabacco streak virus resistant sunflower
and groundnut
Project
coordinator
HD Upadhyaya
F Waliyar
B Ntare
SN Nigam
KK Sharma
V Vadez
M Amanova
SN Nigam
SN Nigam
F Waliyar
M Siambi
SN Nigam
CLL Gowda
SN Nigam
RJ Jones
M Siambi
F Waliyar
P Parthasarathy
F Waliyar
P Pathak
RB Jones
F Waliyar
M Siambi
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defined as dry matter (g) produced per kg of water
transpired. However , measurements of transpiration and/
or root biomass are d i f f i cu l t and, therefore, are not
practical for use in large-scale breeding programs for
improved drought tolerance. Transpirat ion efficiency of
a genotype could also be estimated by measuring the
carbon isotope discr iminat ion ( ,13C) in leaves (Farquhar
et al . 1982).
Specific leaf area ( S L A , leaf area per uni t leaf dry
weight ) is another useful parameter h igh ly correlated
w i t h 13C in groundnut (Nageswara Rao and W r i g h t
1994). It has been observed that S L A is closely and
negatively correlated w i t h W U E ( W r i g h t e t a l . 1988,
1994). These studies suggest that S L A could be used as a 
surrogate whi le selecting for h igh W U E in groundnut
breeding programs. Nageswara Rao et al. (2001) evaluated
the use of hand-held portable S P A D (Soi l and Plant
Analysis-Development) ch lorophyl l meter for rapidly
assessing drought tolerance in groundnut and observed a 
significant negative correlation between chlorophyl l
content ( S C M R , S P A D chlorophyll meter reading) and
S L A , and suggested that S C M R could be used as a rapid
and reliable measure to identify genotypes w i t h l o w S L A ,
and hence h igh TE in groundnut.
Increase in W U E is normal ly achieved by reduction in
transpiration rate. Therefore, it is essential to measure the
var iabi l i ty in both W U E and rate of transpiration. Stable
oxygen isotopes have generated considerable interest in
plant carbon and water relations in recent years. The
isotopic enrichment occurs dur ing evaporation, and
transpiration being an evaporative process w o u l d result
in the enrichment of H2 18O in leaf sap. Since the 18O
signature of the leaf sap is progressively impr in ted into
the organic molecules (Sternberg et al. 1986), the quantum
of 1 8O in the biomass w o u l d integrate the d iurnal and
seasonal changes in leaf transpiration rates. Thus, the
enrichment of oxygen isotopes ( 18O) can be ut i l ized as
an integration of the transpiration rate over t ime. To ta l
transpiration ( T ) is a function of transpiration rate and
leaf area. Since T depends on the efficiency of water
uptake associated w i t h roots, the 18O and leaf area
together can be used as a rapid and accurate approach to
estimate the root biomass.
This study was conducted to assess genetic var iab i l i ty
for the morpho-physiological characters, namely 1 3 C,
1 3O, S L A and S C M R that are k n o w n to influence W U E ,
besides a few y i e ld component traits in groundnut.
Research Reports
Identification of Water-use Efficient
Groundnut Genotypes for Rainfed
Situations through Leaf
Morpho-physiological Traits
Genetic Resources and Enhancement
Chuni Lal', K Hariprasanna, AL Rathnakumar,
MS Basu, HK Gor and BM Chikani (National Research
Centre for Groundnut (NRCG), PB 5, Junagadh 362 001,
Gujarat, India)
*Corresponding author: chunilal@nrcg.res.in
Groundnut (Arachis hypogaea), the annual legume
grown in more than 100 countries, is ma in ly cult ivated in
the tropical , subtropical and w a r m temperate regions of
the w o r l d where avai labi l i ty of water is the most
important y i e ld l i m i t i n g factor. India , w h i c h accounts for
more than 30% of global groundnut area and 2 1 % of
production, has about 8 1 % of the groundnut area under
rain-dependent cul t iva t ion . The dependency on monsoon
rain, wh ich is characterized by uneven dis t r ibut ion and
year-to-year var ia t ion in the semi-arid regions, explains
the low product iv i ty in India (937 kg ha-1) as compared to
the w o r l d average of 1367 kg ha-1.
The product iv i ty of irr igated groundnut is about 1500
kg ha -1 and is more stable. However , scope for b r ing ing
more area under i r r iga t ion appears un l ike ly , as m a x i m u m
area has already been brought under assured i r r iga t ion
and on the other hand the sources of i r r igat ion are fast
shrinking. There is, therefore, an increasing interest
currently being directed towards the breeding of
groundnut varieties that are capable of y i e l d i ng w e l l
under l imi ted water condit ions. Improvement in water-
use efficiency ( W U E ) of the cult ivars is one such
attribute that could potent ial ly lead to h igh y i e l d under
l imited water conditions. So, both for rainfed and irrigated
situations, cult ivars that are efficient in u t i l i za t ion of
available water are very essential. Such a goal migh t be
possible since several studies have indicated substantial
genetic variat ion for seed y i e l d determinants, namely
water transpired, W U E and harvest index. W r i g h t e t a l .
(1994) showed the existence of genetic differences for
transpiration efficiency ( T E ) in groundnut, w h i c h is
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Materials and methods
T h i r t y - t w o genotypes compris ing 20 advanced breeding
lines developed for h igh W U E , eight parental lines of
these breeding lines and four check genotypes (Somnath,
JL 220, SB XI and JL 24) were evaluated in a replicated
tr ia l dur ing kharif (rainy season) 2003 at Junagadh,
Gujarat, India . Of the 20 advanced breeding lines, 11 had
ICGS 76, 10 had C S M G 84-1 and nine had ICGS 44 as
one of the parents in their pedigree. Six advanced
breeding lines were derived from the cross ICGS 76 x 
C S M G 84-1 , and f ive were from ICGS 44 x ICGS 76.
At 45 days after sowing, second fu l ly opened leaf from
the apex of f ive randomly selected plants in each
replication g r o w n under rainfed situations was used to
measure S C M R in the morn ing (08.00-09.30 hours) w i t h
the help of hand-held M i n o l t a S P A D chlorophyl l meter
(Mino l t a Corp., Ramsey, New Jersey, U S A ) . Same leaves
were used to measure S L A (cm 2 g -1) using a LI -3100 leaf
area meter ( L l - C O R Inc., L inco ln , Nebraska, U S A ) .
Analysis for the estimation of 13C and 18O, both
expressed in per m i l l (%o), was done at the Nat ional
Faci l i ty for Stable Isotopes, Univers i ty of Agr icu l tu ra l
Sciences ( U A S ) , Bangalore, India. Observations were
H i g h l y significant genotypic differences (P <0.01) were
observed for 13C, 18O, S L A , S C M R , harvest index,
shell ing outturn, plant height, pod and seed yields and
total dry matter production. This revealed the existence
of considerable genetic variation for traits associated
w i t h W U E ( leaf morpho-physiological characters),
par t i t ioning efficiency and the y ie ld ing abi l i ty among the
genotypes studied.
The study confirmed the strong inverse relationship of
S C M R w i t h S L A (r = -0 .626 , P <0.01) as previously
reported by Nageswara Rao et al . (2001). The S C M R also
recorded strong inverse relationship w i t h 13 C (r = -0 .552 ,
P <0.01) and positive association wi th pod yield (r = 0.505,
P <0.01). Significant but weak correlations of S C M R
Results and discussion
also recorded on pod y ie ld and its component traits.
Standard statistical procedures were adopted to quantify
the amount of genetic variat ion available for the traits and
in the materials studied. Pearson's correlations and cluster
analysis using Euclidean distances were also performed
w i t h the help of statistical software S Y S T A T 10 (SPSS
Inc., Chicago, I l l ino is , U S A ) .
Table 1. Performance of top ten genotypes for pod yield, harvest index and leaf morpho-physiological characters contributing
to water-use efficiency in groundnut.
Character1
Pod yield (kg ha-1)
Harvest index (%)
SCMR
SLA (cm2 g-1)
13C (%o)
18O (%o)
Variability
Range2
1331-3407
26-54
31.3-41.6
206-298
21.06-22.32
18.55-21.62
Population
mean
2459
39.19
36.39
248.91
21.63
20.24
Top ten genotypes
GG 20, CSMG 84-1, JL 220, JL 24, ICR 10,
ICGS 76, ICR 24, JUG 27, JAL 17 and JUG 28
JAL 36, ICR 20, JAL 17, TAG 24, JL 220,
ICR 40, JL 24, ICR 24, TIR 42 and TIR 47
JUG 28, ICGS 76, ICR 27, JUG 15, JAL 03,
ICR 24, ICR 10, GG 20, JUG 27 and ICR 11
TIR 16, lCGV 86031, JUG 28, ICR 40, ICR 27,
ICR 10, ICR 11, CSMG 84-1, JUG 27 and ICR 20
Somnath, JAL 03, CSMG 84-1, GG 20, ICGS 44,
JUG 27, JUG 28, JL 24, ICR 11 and JUG 15
TIR 16, ICR 40, JUG 28, ICR 10, ICR 11, ICR 20,
JUG 27, JL 220, ICR 24 and TIR 42
Range of top
ten genotypes
2812-3407
43-54
38.4-41.6
206.1-234.1
21.06-21.41
20.58-21.62
1. S C M R - S P A D ch lo rophy l l meter reading; S L A = Specif ic leaf area; 13C = Carbon isotope d iscr iminat ion; and 14O = Enr ichment of oxygen
isotopes.
2. For 32 genotypes tested.
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were observed w i t h seed y ie ld (r = 0.384, P <0.05), haulm
y ie ld (r = 0 .401, P <0.05) and total dry matter (r = 0.375,
P <0.05). These relationships suggest that S C M R can be
used as indirect measure for S L A and 13C.
The 13O is hypothesized to be associated w i t h higher
mean transpiration rate and stomatal conductance
(Udayakumar et al . 1998, Bindumadhava et a l . 1999). In
this study, 1 8O was negatively associated w i t h S L A
(r = -0 .582 , P <0.01). Therefore, those genotypes w i t h
l o w S L A (h igh T E ) w o u l d have h igh 18O. This
relationship in tu rn indicates that genotypes w i t h lower
S L A (thicker leaves) w i l l have higher transpiration rate,
w h i c h w i l l be a genotype specific trait . The association of
13C w i t h haulm y i e ld (r = -0 .617 , P <0.01) and total d ry
matter (r = -0 .522 , P <0.01) was negative, suggesting
that selection for low 13C (h igh T E ) migh t result in
product ion of more dry matter.
Groundnut genotypes w i t h l o w S L A and 1 3C, and
h igh S C M R values are l ike ly to possess h igh W U E .
Superior genotypes (top ten) identif ied w i t h respect to
pod y i e l d , harvest index and leaf morpho-physiological
traits are given in Table 1. Highest pod y i e ld was
recorded in GG 20 fo l lowed by C S M G 84-1 , JL 220 and
JL 24 (a l l commercial varieties) whereas h igh harvest
Table 2. Euclidean distance between pairs of genotypes based on 11 quantitative traits.
Cluster containing genotypes A and B 
Genotype A 
ICR 11
JAL 03
ICR 11
JL 220
TIR 16
ICR 10
ICR 10
JAL 03
ICR 10
JAL 03
ICR 11
GG2
JAL 03
TIR 47
TIR 47
GG 2 
ICR 11
TIR 47
Somnath
JAL 03
JAL 03
GG2
JAL 03
K 134
K 134
ICR 11
CSMG 84-1
CSMG 84-1
K 134
JUG 13
GG 20
Genotype B 
JUG 28
JUG 15
ICR 43
JL 24
JUG 33
ICR 24
ICGS 76
JAL 05
JAL 17
JAL 36
JUG 27
SB X I
ICR 20
ICGS 44
ICR 40
TAG 24
ICR 10
ICR 12
ICR 27
TIR 47
Somnath
TIR 42
TIR 16
ICGV 86031
G G 2
JAL 03
ICR 11
JL 220
CSMG 84-1
K 134
JUG 13
Euclidean distance between
genotypes A and B 
7.09
10.47
11.72
12.43
13.76
13.89
13.93
18.90
19.34
21.30
22.76
25.70
26.24
26.99
27.65
30.50
31.17
31.33
32.90
35.71
38.75
40.70
49.24
55.39
55.82
57.37
69.93
72.00
75.60
116.29
121.23
No. of genotypes
in new cluster
2
2
3
2
2
2
3
3
4
4
4
2
5
2
3
3
8
4
2
9
11
4
13
2
6
21
22
24
30
31
32
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index was observed in the advanced line J A L 36 fo l lowed
by I C R 20, J A L 17 and T A G 24 (commercial variety) .
The 13C value was least in the commercial variety
Somnath, fo l lowed by the genotype J A L 03. For S L A , the
lowest value was recorded in T I R 16 fo l lowed by I C G V
86031. The S C M R values that essentially estimate the
ch lorophyl l content in the leaves is a simple method that
can be rapidly measured w i t h the help of a hand-held
S P A D meter. The genotypes J U G 28, ICGS 76, I C R 27,
JUG 15 and J A L 03 were the top five for h igh S C M R
values among the 32 tested genotypes. Of these, four
genotypes ( JUG 28, I C R 27, JUG 15 and J A L 03), though
developed at different locations, were derived from a 
common cross ICGS 76 x C S M G 84-1 . F rom the study it
is evident that a l l the genotypes that i nvo lved ICGS 76 as
one of the parents (second highest for S C M R ) in their
pedigree scored h igh S C M R values. Hence ICGS 76 or
its derivatives were identif ied as important donors for
this trait. ICGS 76 also had the highest haulm y ie ld and
total dry matter y i e ld .
The cluster analysis carried out on the basis of eleven
traits placed the 32 genotypes in many groups (Table 2).
The genotypes ICR 11 and JUG 28 were the most closely
related ones and GG 20 and J U G 13 were the least related
genotypes. Met iculous examination of tabulated data
revealed that 11 pairs of genotypes were j o ined at less
than 25 Euclidean distances. Interestingly all the genotypes
of these pairs had at least one common parent in their
ancestry and in some cases both the parents were
common. As the divergence between the member-genotypes
of a pair increased, the genotypes involved in the
parentage were different. However, ICR 11 and ICR 10
were grouped at 31.17 Euclidean distance and had
common parentage.
This study could detect considerable genetic variat ion
for the W U E traits as we l l as y i e ld and related traits in the
32 genotypes tested. The study also confi rmed the
association among the leaf morpho-physiological traits
and y i e ld attributes, and the possibil i ty of indirect
selection for improved W U E through associated traits.
The genotypes could be grouped into different classes
based on the genetic s imi lar i ty or var iabi l i ty in 11 traits
studied and this can help in future breeding strategies
where some of these cultivars may act as potential donor
parents. The identif ied genotypes, w h i c h possess
superiority for novel traits except a few, may further be
improved f o l l o w i n g introgression breeding approaches.
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Substantial genetic var iabi l i ty existed among the parental
lines and F1s for traits studied. The mean squares for
G C A were h ighly significant for al l the characters
studied. Significant values for SCA were also observed
for a l l the characters except H I , indicat ing that this trait is
predominant ly under the influence of addit ive gene
action. A l l the four leaf morpho-physiological characters
( S P A D , S L A , 1 3C and 1 8O) established h igh ly
significant reciprocal differences indicat ing the influence
of maternal parents in the inheritance of these characters.
The magnitude of G C A variance was higher for a l l the
characters when compared w i t h SCA variance s igni fy ing
the preponderance of addit ive gene action in the
inheritance of these characters. Similar results are in
agreement w i t h those of Jayalakshmi et a l . (1999) and
N i g a m et a l . (2001) for S L A , and N i g a m et a l . (2001) for
H I . H i g h rat io between G C A and S C A variance observed
th i r ty hybrids were evaluated along w i t h their parents at
the Nat ional Research Centre for Groundnut ( N R C G ) ,
Junagadh, India dur ing summer in 2004 in a randomized
complete b lock design. Each genotype was g r o w n in f ive
rows of 3 m length per repl icat ion w i t h a row- to - row
distance of 60 cm. The genotypes were planted at 10 cm
spacing.
Data were recorded on seven quantitative traits, v iz ,
13C, 18O, S L A , S C M R , H I , T D M and F Y . Second fu l ly
expanded leaf f rom the apex ( f rom ten randomly selected
plants of each genotype in each replication) at 45 days
after sowing was used to record the S C M R in the morn ing
(08.00-09.30 hours) w i t h the help o f M i n o l t a S P A D
chlorophyl l meter ( M i n o l t a Corp., Ramsey, N e w Jersey,
U S A ) . The same leaf samples were used to record the leaf
area using a L I -3100 Area Meter ( L I - C O R Inc. , L i n c o l n ,
Nebraska, U S A ) . These leaves were then oven-dried at
60°C for 48 h to estimate S L A (cm 2 g-1). The leaves were
ground into fine powder and subjected to analysis of 1 3C
(%o) and 18O (%o) at the Nat ional Faci l i ty for Stable
Isotopes, Univers i ty of Agr icu l tu ra l Sciences, Bangalore,
India. The selected ten plants were harvested ind iv idua l ly
in each plot at maturi ty and observations on FY and pod
y ie ld were recorded after dry ing . Total weight of fodder
and pod accounted for T D M (g plant -1). The HI was
determined as ratio of pod weight to T D M .
Mean data of the traits showing significant genotypic
differences were subjected to dial le l analysis Method 2 
and Mode l l (Gr i f f ing 1956) to partition the total variat ion
into G C A of each parent and SCA of each cross.
Results and discussion
In a b iological model (Passioura 1986), seed y i e l d is
explained to be a function of water transpired (T) , water-use
efficiency ( W U E ) and harvest index ( H I ) . Water-use
efficiency in groundnut can be measured indirect ly
through the negatively associated character, 13C (carbon
isotope discrimination) (Wright et al. 1994). Being expensive
and impractical to be used in the large segregating
populations, specific leaf area ( S L A , leaf area per uni t
leaf dry weight) can be used as a surrogate for 13C as it is
posit ively correlated w i t h 13C (Nageswara Rao and
Wrigh t 1994). Significant negative correlation between
the S P A D (Soi l and Plant Analysis-Development)
chlorophyl l meter reading and S L A was reported by
Nageswara Rao et al . (2001) who suggested that this
meter could be used as a rap id and reliable measure to
identify genotypes w i t h l o w S L A . Oxygen isotope
enrichment ( 18O) that occurs dur ing transpiration is also
a potential tool for the measurement of stomatal
conductance and transpiration rate (Sheshshayee et al .
2003).
Conventional d ia l le l analysis helps in par t i t ion ing the
total variat ion into general combin ing abi l i ty ( G C A ) of
each genotype and specific combin ing abi l i ty ( S C A ) of
each cross. Informat ion on the nature of gene action for
the characters l ike 13C, 1 8O, S L A , S P A D chlorophyl l
meter reading ( S C M R ) , H I , total d ry matter product ion
( T D M ) and fodder y i e ld ( F Y ) is scanty. There are only
two published reports (Jayalakshmi et a l . 1999, N i g a m et
al . 2001) suggesting the predominant role of additive
gene action in the inheritance of S L A . Thus, the objective
of this study was to determine the genetic control of the
W U E associated traits.
Materials and methods
Six genotypes (Chico, C S M G 84-1, ICG 4747, I C G V 86031,
T A G 24 and T M V 2 N L M ) were crossed in a f u l l d ia l le l
mating design (Gr i f f ing 1956) result ing in 15 F1s and 15
reciprocals in the rainy season of 2003. The result ing
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Table 1. Good general combiners and specific combinations for seven quantitative characters in groundnut.
Character1
SCMR
SLA
HI
13C
18O
T D M
FY
Good general combiners
T M V 2 N L M , ICGV 86031
TMV 2 N L M , ICGV 86031, CSMG 84-1
TAG 24, Chico
T M V 2 N L M
ICGV 86031
ICG 4747
ICG 4747
Good specific combinations
ICG 4747 x TMV 2 N L M , CSMG 84-1 x TAG 24,
ICG 4747 x TAG 24, TMV 2 N L M x ICGS 4747,
ICGV 86031 x CSMG 84-1, TM V 2 N L M x ICGV 86031,
ICGV 86031 x Chico
CSMG 84-1 x TAG 24, ICGV 86031 x TAG 24,
ICGV 86031 x CSMG 84-1, TAG 24 x Chico,
TAG 24 x CSMG 84-1
TAG 24 x TMV 2 N L M
TAG 24 x Chico, TMV 2 N L M x Chico
Chico x ICGV 86031, CSMG 84-1 x TAG 24,
ICGS 4747 x Chico, ICGV 86031 x Chico,
ICG 4747 x CSMG 84-1, ICGV 86031 x CSMG 84-1,
TAG 24 x CSMG 84-1, ICGV 86031 x ICG 4747
Chico x ICGV 86031
Chico x ICGV 86031
1. S C M R = S P A D ch lo rophy l l meter reading; S L A = Specif ic leaf area; HI = Harvest index; 1 3C = Carbon isotope d iscr iminat ion ;
1 8O = Enr ichment of oxygen isotopes; T D M = Tota l dry matter; FY = Fodder y ie ld .
for S C M R , S L A and HI (> 17) suggested that addit ive
genes contro l these characters. Hence, selection for the
improvement of these characters w i l l be effect ive in early
generations. The l o w ratios (1.17 to 2.78) between G C A
and SCA variances observed for T D M , F Y , 1 3C and
1 8O indicated the preponderance of non-addi t ive gene
action for these characters.
Good general combiners and specif ic combinations
ident i f ied for the characters studied are presented in
Table 1 . T M V 2 N L M showed h igh ly posit ive and
signif icant G C A effects for S C M R and h igh ly s igni f icant
but negative values for S L A and 13C. The genotype
I C G V 86031 exhibi ted signi f icant and posi t ive G C A
effects for S C M R and 1 8O but s igni f icant and negative
values for S L A . C S M G 84-1 was also a good combiner
for SLA . Jayalakshmi et al . (1999) also identi f ied breeding
lines T M V 2 N L M and I C G V 86031 as good general
combiners for S L A . The varieties T A G 24 and Chico
were the best general combiners for H I . The parental l ine
I C G 4747 was a good combiner for T D M and FY as this
l ine has recorded the highest G C A effects for both the
characters.
H igh posit ive and signif icant SCA effects for S C M R
were observed in the cross I C G 4747 x T M V 2 N L M
fol lowed by C S M G 84-1 x T A G 24 and ICG 4747 x 
T A G 24. Among the reciprocals, T M V 2 N L M x ICGS
4747 fo l lowed by I C G V 86031 x C S M G 8 4 - 1 , T M V 2 
N L M x I C G V 86031 and I C G V 86031 x Chico were
found to be good specif ic combiners for this character.
Highest negative and signif icant SCA effects for S L A
were observed in the cross C S M G 84-1 x T A G 24
fo l lowed by I C G V 86031 x T A G 24. Three reciprocal
crosses recorded negative and signif icant SCA effects for
S L A . On ly one cross, T A G 24 x T M V 2 N L M , recorded
signif icant posit ive SCA effects for H I . Desirable
negative and signif icant SCA effects for 13C were
observed in two reciprocal crosses, T A G 24 x Chico and
T M V 2 N L M x Chico. Signi f icant and posi t ive SCA
effects for 18O were observed in two crosses, Chico x 
I C G V 86031 and C S M G 84-1 x T A G 24, whereas six
reciprocal crosses were found to be good specif ic
combiners for this character. The cross Chico x ICGV 86031
was observed to be a good cross combinat ion both for
T D M and FY .
The G C A effects of the parents invo lved in the
superior specific cross combinations for all the characters
studied revealed that SCA effects of the crosses were
independent of the G C A effects of the parental lines
invo lved. T w o crosses, T M V 2 N L M x I C G V 86031 and
I C G V 86031 x C S M G 8 4 - 1 , ident i f ied as good specif ic
combiners for S C M R and S L A , respectively, invo lved
parents w i th h igh G C A suggesting an addit ive x addit ive
type of gene act ion, wh ich can be f ixed in the early
generations in the absence of repulsion phase l inkages.
In recent times, groundnut (Arachis hypogaea) is losing
its pre-eminence as a main oilseed crop due to compet i t ion
from cheaper sources of edible o i l . However , large-
seeded confectionery groundnuts have a great demand as
snack food in domestic as w e l l as international market.
A f l a t o x i n contamination and pesticide residues in the
nuts are the major impediments for export of groundnuts.
Management of af latoxin contaminat ion requires both
preventive and curative approaches starting from sowing
and harvesting to processing and storage. Genetic
resistance to Aspergillus flavus is one of the most viable
and economical approaches to reduce af latoxin problem
(Swindale 1989).
In this study, fifteen large-seeded confectionery grade
groundnut genotypes having 100 seed mass >60 g along
w i t h J 11 , a resistant check (Mehan et a l . 1987) and a 
susceptible check, T M V 2 were screened through artificial
inoculat ion procedure for resistance to in v i t ro seed
colonizat ion by A. f lavus isolate, Af 11-4, a h igh ly
aggressive and toxigenic strain (Thakur et a l . 2000).
Sixty sound mature seeds from each of the 15 genotypes
were surface sterilized w i t h 0 . 1 % aqueous solut ion o f
mercuric chloride for 2 m i n and washed in t w o to three
changes of d is t i l led steril ized water. Each seed was
un i fo rmly wounded by p r i ck ing w i t h a sterile needle to
facilitate invasion by fungal spores. Seeds were placed in
sterile petri dishes of 9 cm diameter and inoculated w i t h
A. flavus spore suspension at 1 x 106 spores m l - 1 . Petri
dishes were shaken to r o l l the seeds a l lowing un i fo rm
dis t r ibut ion of inocu lum. The experiment was conducted
in two replications w i t h 30 seeds per replication. The petr i
dishes were incubated at 25°C and relative humid i ty of
9 5 % in dark for 10 days. Ind iv idua l seeds were scored for
extent of seed surface colonized by A. flavus spores using
1-4 seed colonizat ion severity scale and the mean of t w o
replications is expressed as colonizat ion severity. In the
severity scale, genotypes w i t h < 5 % seed surface colonized
w i t h scanty myce l ia l g r o w t h and scanty sporulat ion were
scored 1; genotypes w i t h 5 -25% seed surface colonized
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Conc lus ion
A l l the W U E related traits studied are ma in ly under the
control of addit ive gene action, suggesting that they can
be selected in early generations. A m o n g the good general
combiners identif ied for different W U E traits, T M V 2 
N L M (for S C M R , S L A and 1 3 C) and I C G V 86031 (for
S C M R , S L A and 1 8O) accounted for al l the major W U E
associated traits. Hence these genotypes should be used
in the future breeding programs aimed at i m p r o v i n g
W U E and y i e l d in groundnut. The crosses identif ied w i t h
high SCA effects for these traits should be advanced further
to retrieve transgressive segregants in later generations.
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w i t h good mycel ia l g r o w t h and scanty sporulation were
scored 2; genotypes w i t h 2 6 - 5 0 % seed surface colonized
w i t h good myce l ia l g rowth and good sporulation were
scored 3; and genotypes w i t h > 5 0 % seed surface colonized
w i t h heavy sporulation were scored 4 (Thakur et a l .
2000). A l l the entries were evaluated in the f ie ld dur ing
postrainy (2002) and rainy (2003) seasons for
product ivi ty parameters, v iz , y i e ld plant-1, an indicator of
y i e ld potential , shel l ing out turn, w h i c h provides
informat ion on percentage of seed recovery, and 100-
seed mass, one of the important considerations for
confectionery use. A l l the genotypes were g r o w n in 5-m
rows, each in t w o replications and a l l the recommended
package of practices were f o l l o w e d to raise a good crop.
Trombay groundnuts TG 19 (1.04), TG 49 (1.75),
TG 18A (1.78) and TG 18 (1.88) showed h igh level of
resistance w i t h very l o w seed colonizat ion by A. flavus 
compared to resistant check J 11 (2.89). Genotypes
T K G 19A (2.78) and Mutan t 28-2 (2.83) were
comparable to J 11 (Table 1). TG 39 (3.89) and TG 40
(3.95) recorded h igh seed colonizat ion and sporulation
comparable to susceptible check T M V 2 (4.00).
The genotype TG 4 1 , a confectionery variety released
for cu l t iva t ion al l over India (Kale et al . 2004), has
recorded highest y i e l d fo l lowed by Mutan t 110-14 and
TGLPS 7 but al l were susceptible to infection by A. flavus.
The highly resistant lines TG 19, TG 18, TG 18A and TG 49
have shown signif icant ly l o w y i e l d than h igh-y ie ld ing
genotypes. Generally, h igh ly resistant lines have l o w
yie ld potential w h i l e the h igh-y ie ld ing lines show
susceptible reaction to invasion by A. f lavus ( K i r a n Ka l i a
et a l . 1988). However , moderately resistant Mutant 28-2
and T K G 19A have shown y i e l d potential comparable to
h igh-y ie ld ing confect ionery groundnut varieties. These
findings indicate the possibi l i ty of combin ing resistance
to A. flavus infection and h igh y i e ld potential. Mutant 28-2
has been released as a bold-seeded variety suitable for
cul t ivat ion in Karnataka, India (Gowda e t a l . 2002). T K G
19A is a confectionery groundnut variety released for
cu l t iva t ion in Maharashtra, India (Deshmukh 1997).
Though resistant lines in general had l o w shel l ing
outturn, TG 49 (71.96 %) recorded highest seed recovery.
The resistant TG 49 (68.24 g) and TG 19 (67.64 g) were
also superior for 100-seed mass mak ing them better
candidates for confectionery purpose. This study indicates
the possibi l i ty of combin ing h igh y i e l d and A. f lavus
resistance in the confectionery background to avoid poor
quali ty to tap potential export market for the Ind ian
groundnuts. The resistant genotypes, especially TG 19,
TG 49, TG 18A and TG 18 fo rm a potential source for
A. flavus resistance. The cost effectiveness and ease in
screening makes in v i t ro seed colonizat ion as the most
commonly used method (Thakur et a l . 2000). Though
posit ive correlat ion has been observed between in v i t r o
seed colonizat ion and resistance to natural seed infect ion
(Wal iya r and Bockelee-Morvan 1989), there is a need to
estimate aflatoxin content to assess their true w o r t h for
the improvement of confectionery groundnuts in the future
breeding programs.
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Despite the State government p romot ing other dry land
crops in the district , the farmers are u n w i l l i n g to g ive up
groundnut cul t iva t ion . F rom the past experience, they
realize that groundnut can withstand long dry spells much
better than the other crops and can revive i t se l f even w i t h
li t t le rains after the dry spells. Further, in case of complete
crop failure, i t s t i l l yields some fodder for l ivestock.
Therefore, for better l ivel ihoods of small and marginal
farmers, it is essential to stabilize groundnut product iv i ty
and product ion in the distr ict by in t roducing farmer-
preferred improved varieties and l o w cost/cost-saving
product ion technologies.
Under the aegis of the I F A D Technical Assistance Grant
5 3 2 - I C R I S A T project, an on-farm farmer part icipatory
varietal selection (FPVS) program was launched in 2002
in Anantapur in collaboration w i t h the Rural Development
Trust [a non-governmental organization ( N G O ) ] and
Agr icu l tu ra l Research Station, Acharya NG Ranga
Agricultural University ( A N G R A U ) and active part icipation
of farmers in partner vil lages to find a replacement for the
tradi t ional groundnut variety T M V 2 ( I C R I S A T 2 0 0 2 -
2004).
F P V S trials. F ive FPVS trials, each w i t h nine improved
varieties (eight f rom I C R I S A T and one from A N G R A U )
and a local cont ro l , T M V 2, were conducted in the 2002
rainy season in t w o representative villages of the district ,
Dhanduvar ipa l l i and Rekulakunta. The partner farmers
managed the trials. Soon after sowing in the f i rs t week of
August , a dry spell of 45 days fo l lowed . Af te r a couple of
good rains dur ing mid-September, there was again a dry
spell of 25 days. The total rainfal l received dur ing the
year was less than 400 m m , w h i c h was far be low the
average of the district . The farmers and scientists together
visited these trials at different crop growth stages to
observe the performance of new varieties. None of the
Farmer participatory varietal selection
and mi l le rs to adapt their machinery to new varieties and
consequent price d iscr iminat ion by the traders in the
local markets.
The Anantapur farmers prefer the f o l l o w i n g traits in a 
groundnut variety: h igh pod y i e ld , h igh shell ing outturn,
early matur i ty , smal l -medium seed size, h i g h hau lm y i e ld
and resistance to drought, peanut bud necrosis, peanut
stem necrosis and fol iar fungal diseases. N e w varieties
should have substantial improvement in pod and hau lm
yields (about 30%) to ensure their h igh adoption by the
farmers.
Farmer Participatory Varietal Selection
in Groundnut - A Success Story in
Anantapur, Andhra Pradesh, India
SN Nigam1,*, R Aruna1, D Yadagiri1, TY Reddy2,
K Subramanyam2, BRR Reddy 3 and KA Kareem3
( 1 . ICRISAT, Patancheru 502 324, Andhra Pradesh, India;
2. Agricultural Research Station, Acharya NG Ranga
Agricultural University (ANGRAU), Anantapur 515 001,
Andhra Pradesh, India; 3. Accion Fraterna, Rural
Development Trust, Anantapur 515 001, Andhra Pradesh,
India)
* Corresponding author: s.nigam@cgiar.org
Anantapur is a drought-prone distr ict in Andhra Pradesh,
India . It falls in a rain-shadow area. The average annual
rainfal l is not on ly l o w (522 m m ) but also h igh ly variable
and erratic in distribution. The district experiences prolonged
dry spells of 4 5 - 5 0 days w i t h an average of 36 rainy days
in the rainy season. D u r i n g the last 12 years (1993—
2004), there were on ly four ' g o o d ' years w i t h better
rainfal l d is t r ibut ion dur ing the cropping season and eight
were 'd rought ' years. The soils in the distr ict are
predominant ly l ight textured, gravel ly , shal low Al f i so l s
w i t h depths vary ing between 30 cm and 60 cm and are
l o w in nutrients and water-holding capacity. Smallholdings
(<3.0 ha) dominate (60%) the distr ict . Despite frequent
droughts, over 70% of the cul t ivated area of the district
(1.04 m i l l i o n ha) is sown to groundnut (Arachis hypogaea) 
each year due to its ab i l i ty to survive long dry spells and
also for its cash value. Further, it provides valuable
fodder for l ivestock dur ing dry years or in case of crop
failures. The groundnut y ie ld during ' good ' years averages
between 800 and 900 kg ha - 1 and dur ing 'd rought ' years
between 300 and 400 kg ha-1. There are instances of
farmers get t ing yields up to 1500 kg ha - 1 in ' g o o d ' years.
Current cultivar options
Despite many improved groundnut varieties ( ICGS 11,
ICGS 44, ICGS 76, R S H Y 1, T i rupa t i 2, K 134, D R G 12,
K a d i r i 4, JCC 88 and others) released for A n d h r a Pradesh
dur ing the last 20 years, the o l d varieties, T M V 2 
(released in 1940, covers 7 5 - 8 0 % area), JL 24 (released
in 1978, covers 15-20% area) and Pollachi Red (a landrace)
continue to dominate farmers ' f ie lds . Some of the factors
responsible for l i m i t e d area s o w n to new varieties are
new varieties f a l l i ng short of farmers ' expectations, non-
availability of their seeds, reluctance of groundnut processors
new varieties gave s ignif icant ly higher pod y i e l d than
T M V 2 in both the vi l lages. However , the farmers were
impressed w i t h the new variety, I C G V 91114, w h i c h gave
higher fodder y ie ld (1460 kg ha - 1 as compared w i t h 1355
k g ha-1 o f T M V 2 ) w i t h more green leaves, and
comparable pod y i e l d (385 kg ha - 1 as compared w i t h 305
kg ha - 1 of T M V 2) and larger seed size despite severe
drought conditions in the cropping season. Another variety,
I C G V 89104, also looked promis ing to them because of
its comparable pod y i e l d and better shel l ing out turn than
T M V 2.
These t w o varieties a long w i t h T M V 2 were evaluated
in the 2003 ra iny season in larger plots (0.21 ha) in f ive
farmer holdings in West Narsapuram (new partner
vi l lage) and Rekulakunta. O n l y 227.1 mm rainfal l was
received in 23 ra iny days dur ing the year. Despite severe
drought, I C G V 91114 produced s ignif icant ly higher
average pod y i e l d (507 kg ha-1) and hau lm y i e l d (1391 kg
ha-1) than T M V 2 (453 kg ha - 1 and 1111 kg ha-1,
respectively). The new variety also recorded a higher
average shel l ing out turn and number of pods plant - 1 than
the latter; ie, 5 9 % and 2.9 as compared w i t h 55% and 2.4
o f T M V 2 , respectively. Impressed w i t h the performance
of I C G V 91114 dur ing t w o drought years (2002 and
2003), a w o m a n farmer of West Narsapuram v i l lage
m u l t i p l i e d the seed of this variety on a 1.5-acre (0.63 ha)
land du r ing the 2003/04 postrainy season w i t h i r r iga t ion
and produced 1200 kg pods (1920 kg ha-1). She sold the
produce to other farmers in the v i l l age as seed for the
2004 rainy season.
In the 2004 rainy season, 26 farmers in West Narsapuram,
25 farmers in Shivapuram (new partner v i l lage) and 33
farmers in Rekulakunta sowed their on-farm trials/seed
product ion plots o f I C G V 91114 w i t h the onset o f sowing
rains dur ing 10-12 July. Soon after, there was a d ry spell
o f 36 days (30 Ju ly -3 September). Of the total annual
ra infa l l o f 495 m m , the crop received on ly 302 m m .
I C G V 91114 again performed better than T M V 2 for pod
y i e l d in a l l the three vil lages but the y i e l d differences
were significant only in West Narsapuram and Shivapuram.
W h i l e the hau lm y i e l d o f I C G V 91114 was s ignif icant ly
higher in West Narsapuram, i t was s imilar in Shivapuram
and s ignif icant ly lower than T M V 2 in Rekulakunta
(Table 1). The average 100-seed mass of I C G V 91114
was 41 g as compared w i t h 36 g of T M V 2. The o i l
content in I C G V 91114 was comparable to that o f T M V 2 
across farmers' fields and seasons.
Seed production of I C G V 91114. Convinced of its better
performance, 111 farmers in 23 villages (10 mandate) of
Anantapur and one vi l lage each in adjacent K u r n o o l and
Chi t toor districts undertook seed product ion o f I C G V
91114 in the 2004/05 postrainy season in 48.04 ha under
i r r iga t ion .
Large-scale a d o p t i o n o f I C G V 91114. Consider ing the
better performance o f I C G V 91114 in three consecutive
drought years (2002-04) , the farmers of the partner and
neighbor ing vil lages col lect ively decided to adopt
I C G V 91114 on a large scale in the 2005 rainy season.
Table 1. Comparative performance of I C G V 91114 and T M V 2 in on-farm farmer participatory varietal selection trials in
Anantapur, Andhra Pradesh, India, rainy season 2004.
Village / Variety
West Narsapuram
ICGV 91114
T M V 2
t-test
Shivapuram
ICGV 91114
T M V 2
t-test
Rekulakunta
ICGV 91114
T M V 2 
t-test
Average pod yield1
(kg ha-1)
1524
1336
*
1502
1313
*
1730
1651
NS
Average haulm yield1
(kg ha-1)
1557
1375
*
1691
1665
NS
2666
2907
*
Shelling outturn
( % )
75
75
73
75
74
73
1. * Signif icant at P = 0.05; NS = N o t s ignif icant .
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Groundnut (Arachis hypogaea) is an important oilseed
crop of Rajasthan, India , w i t h an area of 0.24 m i l l i o n ha
and product ion of 0.17 m i l l i o n t . Spanish groundnut
(A. hypogaea subsp fastigiata var vulgaris) varieties
currently occupy about 4 0 % of the total groundnut area
of the state. The remaining 60% area is covered by V i r g i n i a
groundnut (A. hypogaea subsp hypogaea var hypogaea).
The Spanish varieties such as JL 24 and GG 2, g r o w n in
the state, have l o w yields and are susceptible to diseases
and insect pests.
Pratap Mungpha l i 2, a Spanish variety, was bred and
developed from the cross I C G V 86055 x I C G (FDRS) 10 at
the International Crops Research Institute for the Semi-
A r i d Tropics ( I C R I S A T ) , Patancheru, India. Af te r
pre l iminary evaluation at the Maharana Pratap University
o f Agr icu l tu re and Technology ( M P U A T ) , Udaipur ,
Rajasthan as I C G V 92195, i t was proposed in 2001 for
evaluation in the A l l India Coordinated Varietal Trials as
I C U G 92195, signifying a j o in t contribution f rom M P U A T
and I C R I S A T . The State Seed Sub-Committee for
Agr icu l tu ra l Crops released it as Pratap Mungpha l i 2 in
2005 in Rajasthan. I t is erect in g r o w t h habit and early in
maturity (about 95 days). The leaves are green and e l l ip t ica l .
Pods are two-seeded w i t h moderate reticulation, constrict ion
and beak. Seeds are medium, spheroidal and p ink in
color. The o i l content in Pratap Mungpha l i 2 (49.5%) is
higher than that in JL 24 (48.8%).
In A l l India Coordinated Varieta l Tr ia ls conducted a t
10 locations in Udaipur , Pratapgarh, Durgapura (Jaipur)
and Hanumangarh districts, Pratap Mungphal i 2 produced
a mean dry pod y ie ld of 2494 kg ha - 1 as compared w i t h
2016 kg ha - 1 of check JL 24, thereby exh ib i t ing 23 .7%
pod y i e l d superiority over the check. This variety also
showed 25.9% superiority in seed yield over JL 24 (Table 1).
In On Farm Trials conducted in Udaipur , Rajsamand,
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D u r i n g these three years, not a single seed of I C G V
91114 was sold as commercial produce in the open
market. The farmers saved their produce as seed for the
next season and the excess produce was sold to other
farmers on ly for seed purpose. The total area under I C G V
91114 in the 2005 rainy season in 41 villages (18
mandals) is estimated to be 285 ha. It is also being g r o w n
in one v i l lage in the neighbor ing state of Karnataka.
Farmers were also made aware of the results of control led
feeding trials of Deccani sheep at I C R I S A T , Patancheru
where I C G V 91114 gave higher l ive weight gain day-1
and ni trogen accretion indicat ing better d igest ibi l i ty of its
hau lm than the other varieties released for A n d h r a
Pradesh (Ve l l a ikumar et a l . 2004).
The farmers in partner vil lages (West Narsapuram,
Shivapuram and Rekulakunta) are n o w promot ing I C G V
91114 in the distr ict by sharing their produce w i t h their
relatives and neighbors. They have developed a sense of
ownership over this variety. For large-scale adoption
participation of farmers, NGOs , government agencies and
traders w i l l be essential.
Seed Releases
New Groundnut Variety Pratap
Mungphali 2 Released in Rajasthan,
India
AK Nagda* and Abhay Dashora (Department of Plant
Breeding and Genetics, Rajasthan College of Agriculture,
Maharana Pratap University of Agriculture and Technology
(MPUAT), Udaipur 313 001, Rajasthan, India)
*Corresponding author: abhay _ dashora@yahoo.co.in
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for cu l t ivat ion in 10 distr icts of western Maharashtra.
This var iety is suitable for kharif ( ra iny) and summer
seasons. Phule Unap was recommended for pre-release
dur ing A p r i l 1998 and was recommended for release by
the Research Rev iew Commit tee on f ie ld crops in
M P K V , Rahur i in 2004. I t was released by Maharashtra
Agr icu l tu ra l Universi t ies Joint Agresco 2004. Phule
Unap has longer f l ower ing span of 40 -45 days as against
JL 24 w i t h 22 -25 days. I t has medium seed size w i t h 100-
seed mass of 38 g and is tolerant to Sclerotium rolfsii. It is
a der ivat ive of cross JL 86 x N c A c 343-75. I t gave higher
(2493 kg ha-1) dry pod y ie ld than JL 24 (1883 kg ha -1).
D u r i n g the rainy season in 1998 and 1999 in A l l Ind ia
Coordinated Research Project-Groundnut ( A I C R P - G )
trials in zone I I I in Maharashtra, Phule Unap (JL 286)
produced dry pod y ie ld o f 1329 kg ha - 1 w i t h superiori ty o f
8 .75% and 52 .05% over national check JL 24 (1222 kg
ha-1) and zonal check T A G 24 (874 kg ha -1), respectively
(Table 1).
The overal l performance of Phule Unap (JL 286) in
var ious stat ion, m u l t i n a t i o n a l and inter univers i ty tr ials
since 1992 to 2003 dur ing ra iny season is encouraging
(Table 2). The average dry pod y ie ld was 2212.17 kg ha -1
w i t h 12.72% increase over JL 24 (1963.46 kg ha -1),
29.36% over T A G 24 (1710.76 kg ha-1), 2 0 . 8 1 % over TG
26 (1846.27 kg ha-1) and 31.68% over S B - X I (1680.06 kg
ha -1). The farmers are impressed w i t h the performance of
Chi t torgarh and Bh i lwara distr icts, Pratap Mungpha l i 2 
produced mean pod y ie ld of 2311 kg ha - 1 as compared
w i t h 1975 kg ha - 1 o f check JL 24, resul t ing in 17.0% y ie ld
increase over the check (Table 2). Pratap Mungpha l i 2 is
moderately resistant to early and late leaf spots and bud
necrosis disease. It is also moderately resistant to
Spodoptera, leaf miner and thr ips.
Acknowledgment. The authors are grateful to I C R I S A T
for p rov id ing the groundnut breeding materials for this
research work .
Phule Unap - A New Groundnut Variety
for Western Maharashtra, India
RB Patil, SS Patil, MP Deshmukh, RS Bhadane',
RB Jadhav and TR Patil (Oilseeds Research Station,
Mahatma Phule Krishi Vidyapeeth (MPKV), Jalgaon
425 001, Maharashtra, India)
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A new groundnut (Arachis hypogaea) var iety Phule Unap
(JL 286) was released in 2004 by the Mahatma Phule
K r i sh i V idyapeeth ( M P K V ) , Rahur i , Maharashtra, Ind ia
Table 2. Performance of I C U G 92195 in Adaptive Trial Centre (ATC) and On Farm Trials (OFT) in Rajatthan, India during
rainy season 2002-04.
Genotype
ICUG 92195
JL 24 (National check)
Local check
ATC
Dry pod
yield
(kg ha-1)
(2003)
1361
1333
Increase
( % )
over
check
2.10
OFT
Dry pod yield (kg ha-1)
2002 2003 2004
(2 locations) (4 locations) (4 locations)
2600 2475 1860
2200 2025 1700
2000 1925 1650
Mean
2311
1975
1858
Increase (%)
over check
17.0
24.3
18 IAN 25, 2005
Table 3. Performance of Phule Unap (JL 286) in Multilocation Varietal Trials during summer 2002 and 2003.
Entry
JL 286
TAG 24
SB-XI
SE±
CD at 5%
CV (%)
Pod yield (kg ha-1)
Jalgaon
2002
1776
1893
1776
4.2
11.60
9.77
2003
1868
1974
1754
124.8
334.9
11.3
Digraj
2002
3260
3172
2500
9.7
26.80
12.94
2003
3576
3889
4387
166.7
46.06
7.12
Rahuri
(2002)
3385
3125
2604
9.5
26.25
11.11
Padegaon
(2002)
3215
3020
1933
218.5
603.8
13.3
Pooled mean
(kg ha-1)
2847
2845
2492
Table 4. Overall performance of Phule Unap (JL 286) in various trials in Maharashtra, India.
Entry
JL 286
Phule Pragati
T A G 24
TG 26
SB-XI
Overall mean
pod yield
(kg ha-1)
(39 trials)
2213
1963
1710
1916
1680
Shelling
outturn
(%)
67
69
68
67
71
Oil
content
(%)
50
47
45
48
48
Mean seed
yield
(kg ha-1)
1494
1353
1193
1284
1221
Mean oi l
yield
(kg ha-1)
747
636
537
616
586
Yield increase (%)
o f JL 286
Seed
10.42
25.23
16.36
22.36
Oi l
17.45
39.11
21.27
27.47
Table 2. Overall performance of Phule Unap (JL 286) in various trials in Maharashtra, India during 1992 to 2003.
Trial1
RRT
SST
ST
M L T
Inter University
Year Location
1992 Jalgaon
1993 Jalgaon
1994 Jalgaon
1995 to 1999 5 locations
1996, 1997, 2003 8 locations
Mean dry pod yield (kg ha-1)
JL 286
2493
3563
1937
2287
1979
JL 24
1883
3170
1354
2022
1819
TAG 24
1583
2741
1695
1783
1700
TG 26
1975
1551
SB-XI
2977
1039
1728
1665
1. R R T = Rod R o w T r i a l ; SST = Smal l Scale T r i a l ; ST = Station T r i a l ; M L T = M u l t i l o c a t i o n Varie ta l T r i a l .
Table 1. Performance of Phule Unap (JL 286) in Initial Varietal Trials in three locations in zone I I I , Maharashtra, India
during rainy season 1998 and 1999.
Entry
ISK-1-9811 (JL 286)
ISK-1-9814 (JL 24)
ISK-1-9817 (TAG 24)
SE±
CD at 5%
CV (%)
Dry pod yield (kg ha-1)
Akola
1495
1450
971
75.8
213.8
15.6
Jalgaon
1066
1000
939
21.0
59.2
6.2
Khargone
1163
994
777
29.8
84.2
8.2
Mean
1329
1222
874
39.3
108.5
13.3
Origin and development
I C G V 96466, I C G V 96468 and I C G V 96469 were derived
from three different crosses. The details of their pedigree
and selection history are:
I C G V 96466: ( I C G V 87882 x I C G V 87885)-
F 2 - P 8 - P 1 - B 1 - B 1 - B 1 - B 1 - B 1 - B 1 - B 1 - B 1
I C G V 96468: ( I C G V 87885 x L l ) - F 2 - P 4 - P 1 - B 1 - B 1 - B 1
I C G V 96469: ( I C G V 87885 x L I Duchoa)-
F 2-P 5-B 2-B 1-B 1-B 1
(P refers to plant selection and B to bu lk . )
The parental lines used in the above three crosses
were: I C G V 87882, derived f rom a cross of ICGS 30 x 
Var . 28-206; I C G V 87885, derived f rom a cross of 91176
x TG 2; and ICGS 30, derived f rom a cross of Ah 2105x
Chico.
Ah 2105 is a V i g i n i a type (A. hypogaea subsp
hypogaea var hypogaea) of Indian o r ig in . I t is of medium
growth duration and has 100-seed mass of 40 g. Chico is
an ear ly-maturing, Spanish type (A. hypogaea subsp
fastigiata var vulgaris) of germplasm from U S A . Var .
28-206 is a V i r g i n i a type f rom M a l i . I t i s of med ium
g r o w t h durat ion and has 100-seed mass of 45 g.
Accession 91176 is an early-maturing Spanish type and
has 100-seed mass of 38 g. Accession LI is a Spanish,
erect type f rom Vie tnam. I t i s of medium growth duration
w i t h 100-seed mass of 35 g.
Agronomic performance
Y i e l d trials inc lud ing the three groundnut breeding lines,
I C G V 96466, I C G V 96468 and I C G V 96469 and t w o
control cul t ivars , JL 24 (early-maturing) and Somnath
(medium-matur ing w i t h large seed) were conducted at
I C R I S A T , Patancheru research farm dur ing 1997-2001
in both ra iny and postrainy seasons. Sowing was done on
A l f i s o l fields, in t r ip le lattice design, in 6 m 2 plots under
broad-bed and fur row system. A fert i l izer dose of 60 kg
P2O5 and 400 kg gypsum ha - 1 were applied and the crops
were raised under fu l l i r r iga t ion and plant protect ion
care.
Four trials (three in ra iny season and one in postrainy
season) were harvested when the crop had accumulated
1470°Cd (equivalent to 90 days after p lan t ing in ra iny
season at I C R I S A T , Patancheru). The other three trials
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Large-seed size coupled w i t h early-maturi ty and h igh -
y i e l d potential is a desirable combinat ion in groundnut
(Arachis hypogaea) as most of the ear ly-maturing
groundnut cult ivars have small seeds and l o w yields.
Three groundnut varieties ( I C G V 96466, I C G V 96468 and
I C G V 96469) possessing particularly the above three traits
were developed through hybridizat ion at the International
Crops Research Insti tute for the S e m i - A r i d Tropics
( I C R I S A T ) , Patancheru, India , and were released by the
Plant Materials Ident i f ica t ion Commit tee o f I C R I S A T i n
2004 for subsequent u t i l i za t ion in research and/or the
development o f g roundnu t
Purpose of description
HD Upadhyaya*, SN Nigam, AGS Reddy and
N Yellaiah (ICRISAT, Patancheru 502 324, Andhra
Pradesh, India)
*Corresponding author: h.upadhyaya@cgiar.org
Early-maturing, Large-seeded and
High-yielding Groundnut Varieties
I C G V 96466, I C G V 96468 and
I C G V 96469
Phule Unap ( JL 286) due to higher dry pod y i e l d as w e l l
as haulm y i e l d when compared w i t h the varieties JL 24,
T A G 24, T G 26 and SB - X I .
Dur ing summer 2002 and 2003 Phule Unap (JL 286) also
performed w e l l in mul t i locat ional tr ials. I t had average
pod y i e l d o f 2847 kg ha-1 w i t h superiority o f 14% over
S B - X I (2492 kg ha-1). (Table 3). In 39 various trials, Phule
Unap ( JL 286) showed an increase of 25.23% seed y i e l d
and 3 9 . 1 1 % o i l y i e l d compared w i t h T A G 2 4 (Table 4) .
Phule Unap ( JL 286) has an erect g rowth habit and is
med ium ta l l in height. It is Spanish bunch (A. hypogaea 
subsp fastigiata var vulgaris) type. The leaves are
e l l ip t ica l , elongated and green; f lower ing is sequential.
Pods are b o l d w i t h med ium seeds, w h i c h are ob long and
elongated. This variety has main ly two-seeded pods,
rarely three-seeded pods having prominent beak, b r ick
red in color, and shal low constr ict ion. The o i l content is
49-50%. The variety has no dormancy; hence the harvested
produce can be used for immediate sowing .
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Table 3. Pod yield of early-maturing large-seeded groundnut varieties at 1605°Cd in the postrainy season darin g 1997-2000
at ICRISAT, Patancheru, India.
Variety
ICGV 96466
ICGV 96468
ICGV 96469
JL 24 (control)
Somnath (control)
SE±
Trial mean
CV (%)
1997/98
3.83
4.01
4.77
4.06
4.33
0.084
4.21
2.8
Pod yield (t ha-1)
1998/99
3.55
4.21
4.33
3.30
3.79
0.120
3.73
4.5
1999/2000
2.71
2.79
3.84
2.87
3.61
0.177
3.07
5.7
Mean
3.36
3.67
4.31
3.41
3.91
Increase (%) over
control
JL 24
-1.5
7.6
26.4
Somnath
-14.1
-6 .1
10.2
Table 2. Pod yield of early-maturing large-seeded groundnut varieties at 1470°Cd in the rainy season (R) and po strainy season
(PR) during 1996-99 at ICRISAT, Patancheru, India.
Variety
ICGV 96466
ICGV 96468
ICGV 96469
JL 24 (control)
Somnath (control)
SE±
Trial mean
CV (%)
R 1997
2.41
2.17
2.66
2.02
1.81
0.062
2.12
4.1
Pod yield (t ha-1)
R 1998
1.55
1.80
2.07
1.78
1.67
0.087
1.71
7.0
R 1999
2.00
1.47
2.39
1.48
1.37
0.263
1.23
2.8
PR 1996/97
3.94
4.08
3.76
3.89
3.33
0.112
3.79
5.1
Mean
2.48
2.38
2.72
2.29
2.04
Increase (%) over
control
JL 24 Somnath
8.3 21.6
3.9 16.7
18.8 33.3
Table 1. Comparison of 100-seed mats (g) of groundnut varieties ICGV 96466, ICGV 96468 and ICGV 96469 with control
cultivar JL 24 at 1470°Cd and 1605°Cd harvests during 1996 -2001 at ICRISAT, Patancheru, India.
Environment1
1470°Cd harvest
PR 1996/97
R 1997
R 1998
Mean
Increase (%) over JL 24
1605°Cd harvest
PR 1997/98
PR 1998/99
PR 1999/2000
PR 2000/01
Mean
Increase (%) over JL 24
ICGV 96466
55
50
33
46
12
68
56
48
42
54
20
ICGV 96468
72
56
40
56
37
75
70
52
51
62
38
ICGV 96469
68
50
34
51
24
59
53
41
41
49
9
Control
JL 24
53
43
28
41
53
51
42
35
45
Somnath
72
49
41
54
70
73
55
50
62
1. PR = Postrainy season; R = Ra iny season.
Table 4. Morphological, agronomical and seed quality traits of three high-yielding groundnut varieties.
Characteristics
Cultivar group
Growth habit
Branching pattern
Stem pigmentation
No. of primary branches1
No. of secondary branches1
Plant height and breadth1 (cm)
Leaf characters
Size
Shape
Color
Flower color
Standard
Crescent
Crescent mark
Wing petal
Pod characters
Pod beak
Pod constriction
Pod reticulation
Pod ridge
Pod length2 (cm)
Pod breadth2 (cm)
Seeds per pod
Shelling outturn3 (%)
Seed characters
Seed length2 (cm)
Seed breadth2 (cm)
100-seed mass3 (g)
Seed color
Quality characters
Oi l4 (%)
Protein4 (%)
Maturity5 (days)
ICGV 96466
Spanish
Erect
Sequential
Absent
4
0
19.8, 35.4
Medium
Elliptic
Light green
Orange
Garnet
Orange
Yellow
Slight-moderate
Slight
Moderate
Moderate
2.24
0.99
2-1
74
1.11
0.62
54
Tan
48.5
26.3
100
ICGV 96468
Spanish
Erect
Sequential
Absent
5
0
20.8, 38.6
Medium
Elliptic
Light green
Orange
Garnet
Orange
Yellow
Moderate-prominent
Slight-moderate
Moderate
Moderate
2.69
1.23
2-1
69
1.31
0.68
62
Tan
47.8
26.4
100
ICGV 96469
Spanish
Erect
Sequential
Absent
6
0
23.0, 42.8
Medium
Elliptic
Light green
Orange
Garnet
Orange
Yellow
Absent
Absent-slight
Slight
Moderate
2.06
1.10
2-1
71
1.09
0.72
49
Tan
48.6
22.4
100
1. Recorded on the postrainy season crop 2000/01 at 90 days after sow ing at I C R I S A T . Patancheru, Ind ia .
2. Recorded on the postrainy season crop 2000/01 at I C R I S A T , Patancheru; average of 20 pods/seeds.
3. Average of four seasons at 1605°Cd.
4. Recorded in the postra iny season crop 2000 /01 .
5. Recorded on the ra iny season crop at I C R I S A T , Patancheru.
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Agronomic performance
Y i e l d trials inc lud ing the breeding l ine I C G V 93437 and
t w o controls, JL 24, an ear ly-maturing and h igh-y ie ld ing
Ind ian cul t ivar , and Chico , an ear ly-matur ing germplasm
line f rom U S A were conducted a t I C R I S A T , Patancheru
dur ing 1993-96, in t w o rainy and t w o postrainy seasons.
Origin and development
Cul t ivar Nyanda ( I C G V 93437) is an early-maturing,
h igh-y ie ld ing , Spanish (A. hypogaea subsp fastigiata var
vulgaris) breeding l ine developed at the International
Crops Research Institute for the Semi -Ar id Tropics
( I C R I S A T ) , Patancheru, India during 1990s. It was derived
from a cross between t w o early-maturing advanced
breeding lines, I C G V 86063 and I C G V 86065, developed
at I C R I S A T , Patancheru. The fu l l pedigree and selection
history o f I C G V 93437 is:
I C G V 86063 x I C G V 86065 F2 -P30 - B 1 - B1 -B1
(P refers to plant selection and B to bu lk . )
I C G V 86063 originated from Ah 65 x Chico cross and
I C G V 86065 from Var. 2-5 x Robut 33-1 cross. Ah 65 and
Chico are Spanish germplasm lines from U S A , the latter
being ear ly-maturing (Bai ley and Hammons 1975). Var .
2-5 and Robut 33-1 (also k n o w n as Kad i r i 3) are Indian
cult ivars, the former being Spanish and the latter V i r g i n i a
(A. hypogaea subsp hypogaea var hypogaea) bunch type.
Purpose of description
The government of Z imbabwe in 2000 released the
groundnut (Arachis hypogaea) variety I C G V 93437 as
Nyanda for commercial cult ivat ion in the country. Cul t ivar
Nyanda s ignif icant ly out-yielded the popular cul t ivar
Falcon by 13.5%. It matures earlier than Falcon by six
days and is almost s imilar to Falcon in shel l ing out turn
and seed size.
HD Upadhyaya1,*, GL Hildebrand2, SN Nigam1 and
N Yellaiah1 ( 1 . ICRISAT, Patancheru 502 324, Andhra
Pradesh, India; 2. Seed Co Limited, Rattray Arnold
Research Station, PO Box CH 142, Chisipite, Harare,
Zimbabwe)
*Corresponding author: h.upadhyaya@cgiar.org
Groundnut Cultivar Nyanda ( I C G V
93437) Released in Zimbabwe
conducted in postrainy seasons were harvested when the
crop had accumulated 1605°Cd (equivalent to 100 days
after planting in the rainy season at I C R I S A T , Patancheru).
At 1470°Cd harvest, the 100-seed mass was 46 g for
I C G V 96466, 56 g for I C G V 96468 and 51 g for I C G V
96469 compared to 41 g for JL 24 and 54 g for Somnath
(Table 1). At 1605°Cd, the 100-seed mass was 54 g for
I C G V 96466, 62 g for I C G V 96468 and 49 g for I C G V
96469 compared to 45 g for JL 24 and 62 g for Somnath.
These three varieties had 12 to 3 7 % greater 100-seed
mass at 1470°Cd and 9 to 3 8 % greater 100-seed mass at
1605°Cd compared to JL 24 (Table 1).
On compar ing the pod yields at 1470°Cd harvests, the
three new varieties out-yielded both the cont ro l cult ivars
and the gain was m a x i m u m in I C G V 96469, w h i c h
showed 18.8 and 33 .3% increase over the controls, JL 24
and Somnath, respectively (Table 2). At 1605°Cd harvests,
the mean yields of the three new varieties were 3.36
( I C G V 96466), 3.67 ( I C G V 96468) and 4.31 t ha - 1
( I C G V 96469). I C G V 96469 out-yielded both the
controls by 26.4% (JL 24) and 10.2% (Somnath) (Table 3).
The increase in pod yields of the three new varieties at
1470 to 1605°Cd ranged f rom 35.5 to 58.5% compared to
48.9% increase in JL 24 and 91 .7% in Somnath. JL 24 is
a representative ear ly-matur ing variety and therefore, the
three new varieties cou ld be considered of s imilar
matur i ty durat ion.
P l a n t c h a r a c t e r s
The groundnut varieties I C G V 96466, I C G V 96468 and
I C G V 96469 are distinct f rom each other. A detailed
description of these varieties is g iven in Table 4.
Prospects
I C G V 96466, I C G V 96468 and I C G V 96469 arc large-
seeded, early-maturing and h igh-y ie ld ing varieties. These
can be used as parents in groundnut breeding. The
varieties can also be evaluated for direct use as commercial
cult ivars , par t icular ly in short groundnut cropping
environments. Smal l quanti ty of seeds of these varieties
for research purpose can be obtained f rom the genebank
at I C R I S A T , Patancheru.
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The tr ials were sown in A l f i s o l f ie lds, in t r ip le latt ice
design, in 6 m2 plots under broad-bed and fu r row system.
A fert i l izer dose of 60 kg P2O5 and 400 kg gypsum ha - 1
were appl ied and the crops were raised under f u l l
i r r igat ion and plant protect ion care.
The trials were harvested when the crop accumulated
1240°Cd (degree days) [equivalent to 75 days after sowin g
( D A S ) at I C R I S A T , Patancheru rainy season] and
1470°Cd (equivalent to 90 D A S at I C R I S A T , Patancheru,
rainy season]. At 1240°Cd harvest, I C G V 93437 produced
2.38 t ha-1 pod yield (Table 1). This represents 29.8% increase
over JL 24 and 4 8 . 1 % over Chico. S imi lar ly at 1470°Cd
harvest, I C G V 93437 produced 1 3 . 1 % higher y ie ld
compared to JL 24 and 47.8% compared to Chico (Table 2).
On compar ing the pod y ie ld performance o f the
groundnut varieties under 1240°Cd and 1470°Cd harvests ,
gain was 26.11 % for I C G V 93437, 44 .62% for JL 24 and
2 6 . 4 1 % for Chico (Tables 1 and 2) indicating mat op t imum
growth per iod of I C G V 93437 is about 90 days at
I C R I S A T , Patancheru in the rainy season.
Table 1. Pod yield of groundnut cultivar lCGV 93437 under 1240°Cd crop duration in the rainy season (R) and p ostrainy
season (PR) during 1993-96 at 1CRISAT, Patancheru, India.
Pod yield (t ha-1)
Cultivar R 1993
ICGV 93437 1.62
JL 24 (control) 1.31
Chico (control) 0.71
SE± 0.083
Trial mean 1.20
C V ( % ) 12
R 1995
1.29
0.77
0.76
0.062
1.09
10
PR 1993/94
0.99
0.50
0.36
0.065
0.95
12
Increase (%) over
control
PR 1995/96
2.38
2.27
2.40
0.057
2.52
4
Mean
1.57
1.21
1.06
JL 24 Chico
29.8 48.1
Table 2. Pod yield of groundnut cultivar 1CGV 93437 under 1470°Cd crop duration in the rainy season (R) and pos trainy
season (PR) during 1994-96 at 1CRISAT, Patancheru, India.
Cultivar
ICGV 93437
JL 24 (control)
Chico (control)
SE±
Trial mean
CV (%)
Pod yield (t ha-1)
R 1994
1.26
1.33
0.57
0.058
1.43
7
R 1995
1.62
1.08
0.73
0.064
1.21
9
PR 1994/95
2.07
2.00
1.24
0.069
2.31
5
PR 1995/96
2.97
2.58
2.83
0.087
2.96
5
Mean
1.98
1.75
1.34
Increase (%) over
control
JL 24 Chico
13.1 47.8
Table 3. Performance of I C G V 93437 and control cultivar Falcon in Zimbabwe, 1996-2001.
Cultivar
ICGV 93437
Falcon
Days to
maturity1
115
121
Pod yield2
(t ha-1)
1.76
1.55
Increase (%)
over Falcon
13.5
Shelling
outturn1 (%)
73
72
100-seed
mass1 (g)
28
29
1. Mean based on 42 tr ia ls.
2. Mean based on 51 tr ials.
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Groundnut (Arachis hypogaea) is a very important
component of snack foods such as roasted and salted
peanuts and peanut butter. However , product ion in
Zimbabwe of groundnut varieties suitable for confectionery
use has dwind led , and local processors are having
d i f f i cu l ty sourcing their processing requirements.
A l t h o u g h groundnuts are g r o w n w i d e l y in Z imbabwe ,
the long-duration confectionery types are only successfully
g r o w n w i t h i r r iga t ion and therefore are g r o w n on a 
l imi ted area. However , under these conditions, where input
use and management levels are h igh , very h i g h yields of
acceptable confectionery qual i ty can be produced.
GL Hildebrand* and AZ Nosenga (Seed Co Limited,
Rattray Arnold Research Station, PO Box CH 142,
Chisipite, Harare, Zimbabwe)
*Corresponding author: geoffhi@seedcogroup.com
SC Orion - A New Large-seeded
Groundnut Variety Released in
Zimbabwe
Plant characters
The cul t ivar Nyanda cou ld be classified as Spanish type
botanically. It has erect g rowth habit, sequential branching
pattern and green plant color. More details of morphologica l ,
agronomical and seed qual i ty traits are g iven in Table 4.
Availability of seeds
The breeder and foundation seeds of cul t ivar Nyanda are
maintained by Seed Co L i m i t e d , Rattray A r n o l d
Research Station, PO B o x CH 142, Chisipi te , Harare,
Z imbabwe . Smal l quanti ty o f seeds of this variety for
research purpose can also be obtained from I C R I S A T
genebank, Patancheru, India under the 'Mate r i a l Transfer
Agreement ' .
Bailey WK and Hammons RO. 1975. Registration of Chico
germplasm. Crop Science 15:105.
Reference
Table 4. Morphological, agronomical and seed quality traits
of groundnut cultivar I C G V 93437.
Trait
Cultivar group
Growth habit
Branching pattern
Stem pigmentation
Leaf characters
Size
Shape
Color
Flower color
Standard
Crescent
Wing petal
Pod characters
Pod beak
Pod constriction
Pod reticulation
Pod ridge
Seeds per pod
Pod length1 (mm)
Pod breadth1 (mm)
Shelling outturn2 (%)
Seed characters
Seed length1 (mm)
Seed breadth1 (mm)
100-seed mass2 (g)
Seed color
Seed quality characters
Oi l 2 (%)
Protein3 (%)
Maturity4 (days)
Description
Spanish
Erect
Sequential
Green
Large
Wide elliptic
Green
Orange-yellow
Yellow
Yellow
Slight
Slight
Slight
Slight
2-1-3
25.1
12.1
71
12.5
9.1
33
Tan
45.7
23.5
90
1. K a d o m a Research Center, Z imbabwe , 1999/2000.
2. Average of 4 seasons at 1470°Cd at I C R I S A T , Patancheru, Ind ia .
3. Average of 3 seasons at 1470°Cd at I C R I S A T , Patancheru, Ind ia .
4. Recorded on ra iny season crop at I C R I S A T , Patancheru, Ind ia .
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I C G V 93437 was tested in 51 y i e l d trials in Z imbabwe
dur ing 1996-2001 . I t out-yielded the popular check
cul t ivar Falcon by 13.5% (Table 3). On average, I C G V
93437 matured six days earlier compared to the cont ro l
cul t ivar . I C G V 93437 had 7 3 % shel l ing out turn and 100-
seed mass of 28 g, w h i c h were almost s imi lar to the
cul t ivar Falcon.
Table 1. Relative performance of Flamingo and SC Orion in trials conducted during 2001/02-2003/04 in Zimbabwe.
Characteristic
Days to 50% flower
Days to harvest
Defoliation at harvest (%)
Pod yield (t ha-1)
Shelling outturn (%)
Seed yield (t ha-1)
100 - seed mass (g)
Pod drop (%)
Retention on 9.5 x 31.75 mm slotted screen (%)
Sound mature seeds (%)
Seed appearance2
Seed uniformity2
Trials
11
17
15
17
17
17
17
17
17
17
17
17
Flamingo
40.1
165.9
84.5
4.98
67.1
3.39
53.3
1.33
19.0
49.2
6.76
6.29
SC Orion
39.9
158.9
90.5
5.22
71.6
3.75
81.1
3.80
55.2
41.3
6.82
6.47
SEm+
0.25
1.60
1.00
0.153
0.87
0.128
1.72
0.993
1.39
3.37
0.166
0.151
LSD
(5%)
0.8
4.8
3.1
0.46
2.6
0.38
5.17
2.98
4.2
10.1
0.50
0.45
Significance
of F - test1
NS
**
***
NS
**
NS
***
NS
***
NS
NS
NS
1. NS = N o t signif icant; ** = Signif icant at 1% leve l ; *** = Signif icant at 0 . 1 % level .
2. Scored on a 0 - 1 0 scale where 0 = poor and 10 = excellent.
One of the qual i ty characteristics sought after by
processors local ly and abroad is large un i fo rm seed size.
An important objective of the groundnut breeding program
of Seed Co L i m i t e d , Z imbabwe has been to develop
varieties that have large seeds of u n i f o r m shape and size,
and produce h igh yields when g r o w n w i t h i r r iga t ion .
Some progress has been made in achieving these
objectives, al though maintenance o f un i fo rmi ty o f size
and shape has proved d i f f i cu l t when approaching the
larger seed sizes. A number of breeding lines have shown
promise and Seed Co L i m i t e d proposed the release of one
breeding l ine for this purpose. The variety was named
SC O r i o n and the Var ie ty Release Panel of the M i n i s t r y
of Lands, Agr icu l tu re and Rural Resettlement, Z imbabwe
approved its recogni t ion and release on 26 November
2004.
SC O r i o n was selected from the cross ( I C G V - S M
90710 x MGS 3) made in 1994. It was evaluated in 17
trials during the 2001/02 to 2003/04 crop seasons. Evaluat ion
was conducted on research stations and commercia l
farms where the trials were planted early (usually in early
October) w i t h i r r iga t ion , and g r o w n under h i g h levels o f
management. A summary of relative performance of
SC O r i o n and Flamingo (the on ly other commercia l ly
available var ie ty o f this type in Z imbabwe) in these trials
is shown in Table 1.
SC O r i o n matures, on average, in about 159 days, w i t h
the range in the trials reported being 136 to 176 days. On
average, SC O r i o n had a 5% pod y i e l d superiority over
Flamingo. It has considerably larger seed than Flamingo.
Shel l ing out turn varied between 64.3 and 77.2% and 100-
seed mass varied f rom 55 to 111 g depending on the
location. The seeds of SC O r i o n are dark tan, rounded
and un i fo rm in size and shape. Some seeds have flat end
surfaces.
SC O r i o n pods are typical of the V i r g i n i a cul t ivar
group (A. hypogaea subsp hypogaea var hypogaea) 
being ma in ly two-seeded. Pods are characterized by a 
sl ight beak and med ium constrict ion. One- and three-
seeded pods do occur but not frequently. The pod length
averages 46.5 mm and pod breadth averages 18.9 m m .
Seed length averages 22.4 mm and seed breadth averages
13.2 m m . SC O r i o n can be dist inguished from Flamingo
by seed color , s l ight ly shorter stature and greater
susceptibil i ty to fol iar diseases, par t icular ly cercospora
leaf spot and w e b blotch .
L imi t ed processing evaluation for market acceptability
has been carried out by one of the local processing
companies, and SC O r i o n was found to blanch and roast
satisfactorily and has a satisfactory taste.
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Table 2. Reaction of Huayu 22 to biotic and abiotic stresses in China.
Variety
Huayu 22
Luhua 11
Baisha 1016
Score1
Web blotch
1
4
7
Early leaf spot
1
4
5
Late leaf spot
2
2
1
Drought
1
2
5
Waterlogging
1
2
4
1. Scored on a 0 - 9 scale where 0 = immun i t y , 1-2 = h igh l y resistant, 3 -5 = moderately resistant, 6 - 7 = susceptible and 8 -9 = h igh ly susceptible.
Table 1. Pod and seed yield of Huayu 22 in different trials in China.
Trials
New lines tests
Provincial trials
Field demonstration test
Year
1997-99
2000-01
2002
No. o f
sites
9
22
8
Yield (t ha-1)
Pod
5.18
4.95
5.58
Seed
3.78
3.53
4.03
Increase (%) over control
Pod
17.7
25.5
7.5
7.6
8.8
Seed
17.4
25.6
7.2
4.9
7.5
Control
8130
Luhua 10
Luhua 14
Luhua 11
Luhua 11
(Table 1). In the Shandong Prov inc ia l N e w Groundnut
Var ie ty Tr ia ls f rom 2000 to 2 0 0 1 , the dry pod y ie ld o f
Huayu 22 averaged 4.95 t ha -1 in 22 locat ions, 7 .6%
higher than the control Luhua 11 . In a f ie ld demonstrat ion
test at eight locations in 2002, H u a y u 22 gave 5.58 t ha -1
pod y i e l d , 8 .8% higher than Luhua 1 1 .
Huayu 22 has an erect g rowth habit , sequential
f lowering and dark green leaves. The ma in stem is about
40 cm ta l l . The plant has 7 -8 pr imary branches. The pods
are most ly two-seeded and cluster around the ma in
taproot in the soi l . The 100-pod mass is 250 g and 100-
seed mass is 110 g. The shel l ing out turn is 72 .5% and the
seeds contain 4 9 . 2 % o i l and 24 .3% prote in. The oleic
acid/ l inole ic ac id ( O / L ) rat io is 1.71. The variety matures
in 130 days in the spr ing season.
Huayu 22 is resistant not on ly to web b lo tch , early leaf
spot and late leaf spot but also to drought and
water logg ing (Table 2) . Thus, i t has w ide adaptabi l i ty in
northern China. Huayu 22 is one of the groundnut varieties
that has the best comprehensive characteristics in China.
Huayu 22, a large-seeded groundnut (Arachis hypogaea)
var iety, suitable for export , was developed by Shandong
Peanut Research Inst i tute (SPRI) and released by the
Shandong Prov inc ia l Crops Approva l Commit tee in 2003
in China. Huayu 22 was der ived f r om a cross between
8014 and Haihua 1 (dry seeds treated w i th 6 0Co) f o l l ow ing
mod i f i ed pedigree method.
In the new groundnut lines tests at SPRI f rom 1997 to
1999, Huayu 22 out-yielded the control Luhua 10 by 25 .6%
Chen Jing', Wu Lan-rong, Miao Huarong and Hu
Wenguang (Shandong Peanut Research Institute. Fushan
Road 122, Lichang District, Qingdao 266100. Shandong,
China)
*Corresponding author: mianbaohua@yahoo.com.cn
Huayu 22 - A High-yielding Large-
seeded Groundnut Variety with
Improved Seed Quality
Table 1. Disease scores for rust and late leaf spot in groundnut
genotypes during rainy season at Trombay, Mumbai, India.
Genotype
V G 9514
TFDRG 5 
GPBD 4 
GBFDS 272
NcAc 343
Mutant 28-2
DTG 27
DTG 57
DTG 58
DTG 60
TDG 56
T M V 2 
SB X I
JL 24
T A G 24
T G 3 7 A
TG 39
TG 40
TPG 41
Rust
2002
1
1
1
-
-
3
2
1
1
2
2
8
8
7
8
7
8
8
8
2003
1
1
1
-
-
3
2
2
1
2
3
9
8
8
8
8
7
8
8
Late leaf spot
2002
1
3
1
-
-
1
2
1
1
2
2
9
8
8
8
8
8
8
8
2003
1
3
1
-
-
1
2
2
3
2
3
8
8
8
8
7
8
8
7
1. Scored on a 1-9 ra t ing scale where 1 = no disease and 9 = severe
incidence w i t h 50 - 1 0 0 % defol ia t ion (Subrahmanyam et al . 1995).
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Biotechnology
Late leaf spot (LLS) and rust are two economically important
diseases in groundnut (Arachis hypogaea) causing y i e l d
losses up to 50% (Subrahmanyam et a l . 1980). Breeding
for resistance to L L S and rust is a cost-effective and
viable opt ion . Several breeding lines/genetic stocks/
varieties resistant to these fol iar diseases are reported
(Subrahmanyam et a l . 1995, Gowda et al . 2002a, 2002b).
Resistance to rust is control led by t w o recessive genes
(Knauf t 1987), whereas resistance to L L S is control led
by duplicate complementary recessive genes ( M o t a g i et
a l . 2000). Ident i f icat ion of the resistant genotypes needs
careful, repeated and thorough screening under ideal
epiphytotic condit ions, w h i c h is t ime consuming and
laborious. Molecu la r markers associated w i t h L L S and
rust w o u l d hasten the process of identif icat ion of resistant
genotypes. In format ion on such markers is lacking. O n l y
seven out o f 480 R A P D (random ampl i f ied polymorphic
D N A ) primers were po lymorphic in 70 selected genotypes
w i t h w i d e var iab i l i ty (Subramanian e t a l . 2000).
Phylogenetic relationships among cult ivated groundnut
and Arachis w i l d species could be established by using
R A P D and ISSR (Inter simple sequence repeat) primers
(Raina et a l . 2001). Hopkins et a l . (1999) developed six
fluorescent SSR (simple sequence repeat) primer pairs,
w h i c h discriminated 19 accessions into 17 unique
genotypes. Subsequently, more number of SSR primers
were developed and po lymorph i sm among cul t ivated
groundnut genotypes was reported (He et al. 2003, Ferguson
et a l . 2004, Moretzsohn et a l . 2004). In groundnut,
transcripts i nvo lved in resistance responses to L L S were
recently ident i f ied ( L u o et a l . 2005). Our study was
carried out to ident ify molecular po lymorph i sm among
the groundnut genotypes d i f fe r ing in disease reaction to
L L S and/or rust.
S Mondal*, S Ghosh and AM Badigannavar (Nuclear
Agriculture and Biotechnology Division, Bhabha Atomic
Research Centre, Trombay, Mumbai 400 085, Maharashtra,
India)
*Corresponding author: egffs@barc.emet.in
R A P D Polymorphism Among
Groundnut Genotypes Differing in
Disease Reaction to Late Leaf Spot and
Rust
Based on disease reaction, 19 genotypes (Table 1)
were screened w i t h R A P D primers K i t A , K i t J and K i t F 
f r o m Integrated D N A Technologies ( I D T ) , U S A . Y o u n g
leaves were collected from a single plant g rown in the
experimental f i e lds a t Trombay, M u m b a i , India . D N A
was isolated by f o l l o w i n g ce ty l t r imethylammonium
bromide ( C T A B ) method (Saghai -Maroof et a l . 1984)
w i t h minor modi f ica t ion . Phenolics act iv i ty was nu l l i f i ed
by adding 1% 2-mercaptoethanol in extraction buffer. The
polymerase chain reaction (PCR) was performed in
Mastercycle gradient (Eppendorf, Germany) w i t h an
annealing temperature of 38°C. Reaction mix ture for
PCR (25 L) consisted o f IX Taq buffer A, 250 M 
dNTP, 50 p moles of primer, 20 ng D N A and 1U of Taq 
polymerase (Bangalore Genei Pvt. L t d . , India) . The
reaction was carried out under the f o l l o w i n g temperature
condit ions: 94°C for 5 m i n in i t i a l denaturation w i t h 35
cycles of 92°C for 30 s, 38°C for 1 m i n , 72°C for 2 m i n
w i t h a f inal extension at 72°C for 10 m i n . A m p l i f i e d
product was analyzed i n 1% agarose gel w i t h IX T B E
buffer at 80 V for 2 h, stained w i t h e th id ium bromide and
documented by gel documentation system (Syngene).
A m p l i f i e d products were scored for presence and
absence of a band by assigning the values 1 and 0 
respectively. Po lymorph ism (%) fo r each pr imer was
computed as P = (N p /N a ) *100 , where Na is the total
number o f ampl i f ied f ragments and N p i s the number o f
po lymorph ic fragments. Genetic distance was calculated
based on Eucl idean distance and dendrogram was
constructed based on U P G M A (unweighted pai r -group
method of ar i thmetic average) us ing Statistica software
(Statist ica 1996).
F ie ld disease reaction indicated that VG 9514,
T F D R G 5 , G P B D 4 , D T G 27, D T G 57, D T G 58, D T G
60, T D G 56 and Mutan t 28-2 are resistant wh i l e other test
genotypes are susceptible to L L S and rust (Table 1). Of
the 50 pr imers screened, 11 exhib i ted po lymorph ism
among the 19 genotypes. The extent of po lymorph ism
ranged f r o m 12.5% to 76 .9%, w i t h an average o f 37 .5%
(Table 2) . A m o n g the pr imers, K i t A 1 9 revealed the
highest po lymorph ism, f o l l owed by K i t s J 17, A 3 and J 1.
These results indicated that the cul t ivated groundnut has
lower po lymorph ism at D N A level as reported earlier
(Ha lward et a l . 1991, Kocher t et a l . 1991 , Raina et a l .
2001). Based on Eucl idean distance, the s imi lar i ty mat r ix
was made among 19 genotypes by analyzing 135 R A P D
bands from the pooled data of a l l 11 pr imers. Genetic
distance among the genotypes ranged from 1.41 to 6.40.
The distances further revealed that T M V 2 and G P B D 4 were
the nearest, whereas VG 9514 and D T G 57 were the farthest.
The dendrogram among the genotypes revealed t w o
major clusters at a l inkage distance (Eucl idean distance)
of around 5.3 (F ig . 1). T F D R G 5 and VG 9514 formed
Table 2. RAPD polymorphism among 19 groundnut genotypes.
Primer Sequence
Ki t A3 AGT CAG CCA C 
K i t A8 G T G A C G T A G G
Kit A19 CAA ACG TCG G 
Ki t J1 CCC GGC A T A A 
K i t J4 CCG A A C ACG G 
K i t J5 CTC CAT GGG G 
K i t J6 TCG TTC CGC A 
Ki t J 12 GTC CCG TGG T 
K i t J14 CAC CCG GAT G 
K i t J 17 ACG CCA GTT C 
K i t F10 GGA AGC TTG G 
Total
A v e r a g e
Number of total
bands
8
14
13
19
16
11
8
7
13
14
12
135
12.3
Number of polymorphic
bands
5
6
10
10
2
2
1
1
3
9
2
51
4 . 6
Polymorphism
(%)
62.5
42.8
76.9
52.6
12.5
18.2
12.5
14.3
23.1
64.3
16.7
3 7 . 5
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Figure 1. Dendrogram of 19 groundnut genotypes differing in
disease reaction to late leaf spot and rust.
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separate cluster and are resistant to L L S and rust. VG
9514 was der ived from CO 1 and Arachis cardenasii 
(Varman 1999). T F D R G 5 was a derivative from VG
9514 and T A G 24. The cluster B is subdivided into t w o
sub-clusters C and D at a l inkage distance of around 4.3.
A m o n g these, sub-cluster D comprised TG 39, TG 40 and
T P G 4 1 , w h i c h are susceptible to L L S and rust and
incidental ly these have large seeds. Further, sub-cluster C 
included both resistant and susceptible genotypes.
Separation o f VG 9514 and T F D R G 5 f rom rest o f the
genotypes cou ld be due to their ancestry i n v o l v i n g w i l d
species. S imi la r ly , it cou ld be due to the large seed trait
that TG 39, TG 40 and T P G 41 formed a dist inct cluster.
Current results cou ld not associate any markers w i t h
resistance or susceptibil i ty to rust and/or L L S . Similar
absence of association between R A P D markers and
resistance to L L S and rust was noticed earlier (Reddy et
al . 2004).
This study is a beginning towards detection of
po lymorph i sm for resistance to L L S and/or rust. Further
studies w i t h other molecular markers for genotyping and
tagging o f resistance genes for these diseases w i l l be
undertaken.
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The M A D S - b o x is a h igh ly conserved sequence m o t i f
found in the fami ly of transcription factors. The conserved
domain was recognized after the first four members of the
fami ly were identified as M C M 1 , A G A M O U S , D E F I C I E N S
and SRF (serum response factor). The name M A D S was
constructed f rom the " in i t i a l s " of these four "founder"
proteins on w h i c h the def in i t ion of this gene fami ly is
based (Schwarz-Sommer et a l . 1990). The M A D S - b o x
genes of plants are scattered throughout the entire plant
genomes (Theissen et al . 2000) and by now, over a 
hundred M A D S - b o x sequences have been found in
species from a l l eukaryotics. M A D S - d o m a i n proteins,
l ike many other eukaryotic transcription factors, have a 
modular structural organization (Shore and Sharrocks
1995). The fami ly of M A D S - d o m a i n proteins has been
subdivided into several dist inct subfamilies. M o s t
M A D S - d o m a i n factors play important roles in plant
developmental processes. Prominent ly , the M A D S - b o x
genes in f l ower ing plants are the "molecular architects"
of f lower morphogenesis (Coen and Meye rowi t z 1991,
Angenent et a l . 1995).
The M A D S domain is by far the most h igh ly conserved
region of proteins (Purugganan et a l . 1995). Based on the
most conserved sequence region of the M A D S box, a pair
of degenerate primers were designed and used to ampl i fy
the genomic D N A of groundnut (Arachis hypogaea) in
this study. The results indicate that an ampl i f ied fragment
showed a h i g h homology to the M A D S - b o x protein of
Arabidopsis thaliana. This study la id the foundation for
obtaining the fu l l length o f M A D S - b o x gene in groundnut.
Materials and methods
Seeds of groundnut cul t ivar JL 24 were planted in pots
and maintained in the greenhouse. Genomic D N A was
isolated from the young leaves by using the method
described by Porebski et a l . (1997) and Puchooa (2004) .
Based on conserved amino acids found in the M A D S
domain of plant M A D S - b o x genes, degenerate primers
were designed to amplify the M A D S - b o x gene homologues.
The two forward primers used were M A D S F 1 , 5'-
A T G G G ( A T C G ) ( A C ) G ( A T C G ) G G ( A T C G )
A A ( A G ) A T ( A C G ) G A - 3 ' and M A D S F 2 , 5 ' - ( A T C G ) T G
( C T ) G A ( C T ) G C ( A T C G ) G A ( A G ) G A ( A G ) G T ( A T C G )
G C - 3 ' and the t w o reverse primers were M A D S R l , 5 ' -
G C ( A T C G ) A C ( C T ) T C ( A T C G ) G C ( A G ) T C ( C T ) A A - 3 '
and M A D S R 2 , 5 ' - G C ( A T C G ) A C ( C T ) T C ( A T C G ) G C
( A G ) T C ( C T ) C A ( A T C G ) A G - 3 ' . A50- l PCR (polymerase
chain reaction) contained 50 ng genomic D N A , 25 p m o l
The key genes in the developmental control of eukaryotes
are often members of a very l imi t ed number of mult igene
families which encode transcription factors. Such homeobox
genes have been thought to act as homeotic selector
genes that are i nvo lved in different iat ing different body
regions from each other, probably by act ivat ing or
repressing different sets of downstream genes in different
parts of the body (Theissen et a l . 2000). Recent studies
have provided insight that inflorescence and f lower
development in higher eudicotyledonous f lowering plants
are determined by a ne twork of regulatory genes w h i c h
are organized in a hierarchical fashion (Theissen and
Saedler 1998). In this, the late- and ear ly- f lower ing genes
are triggered by environmental factors such as day length,
l igh t qual i ty and temperature.
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Figure 2. Clones confirmation by PCR amplification (A) using forward and reverse primer of M13 and EcoR1 digestion (B) - Lanes 1,
3, 4: Clone containing expected fragment; Lane 2: 100 bp DNA Ladder.
1 2 3 4 1 2 3 4 
1 3 0 b p
3 8 4 b p
Results and discussion
A 130 bp of the expected fragment named A p M A D S 1
was obtained by PCR amplif icat ion by using the primers
M A D S F 1 and M A D S R 2 (F ig . 1 ) . A p M A D S 1 was
recovered from agarose gel and cloned into p G E M - T
easy vector. Positive clones were confirmed by colony
PCR and EcoRl digestion (F ig . 2) and sequenced. Figure
3 shows the nucleotide sequences and deduced amino-acid
sequences. When alignment was carried out using the
GeneBank nucleotide database and Megablast search
program, A p M A D S 1 was 79% homologous to M A D S -
box transcription factor H A M 137 from sunflower
amplif icat ion were carried out, w i t h denaturation at 94°C
for 50 sec, annealing at 61°C to 50°C for 50 sec and
extension at 72°C for 60 sec. The annealing temperature
of the reaction was decreased 2°C every second cycle
from 61 °C to a " touchdown" at 50°C. Subsequently, all
the reaction tubes underwent thir ty cycles w i t h the
annealing temperature at 50°C, fo l lowed by a final
extension at 72°C for 10 m i n . PCR products of the
expected size were excised from agarose gels and cloned
into p G E M - T easy vector (Promega). The clones were
confirmed by PCR and restriction enzyme digestion pr ior
to sequencing. The sequences were aligned wi th nucleotide
sequences in Gene Bank by using MegaBlast search
program (http:/ /www.ncbi.nlm.nih.gov).
of each degenerate primer, 0.1 mM of each dNTP, and
I X Reaction Buffer ( inc luding 2.0 m M M g S 0 4 ) .
Touchdown PCR was used to ampli fy the expected
fragment. The reaction was heated at 94°C for three m i n ,
then 1.5 unit of Taq D N A polymerase ( N e w England
BioLabs) was added to each reaction tube. Ten cycles of
Figure 1. PCR amplification of fragment with expected size -
Lane 1: JL 24; Lane 2: 100 bp DNA Ladder; Lane 3: Control
(sterile distilled water).
1 2 3 
130 bp
Figure 3. Nucleotide sequences and deduced amino acid sequences (shaded regions indicate the position of forward and reverse primers).
(Helianthus annum). W h e n discontiguous MegaBlast
and Refseq_RNA were chosen, A p M A D S l showed
identity ranging from 79% to 84% w i t h 26 M A D S - b o x
m R N A . I t can be concluded that A p M A D S l is a k i n d of
M A D S - b o x gene in groundnut.
Homology c lon ing method is effective and efficient,
and used wide ly for gene c lon ing as confirmed by the
result in this study. Compared w i t h common homology
cloning method, genomic DN A was used as the template
for PCR amplif icat ion in this study. Therefore, this
method is more simple and cheaper. Based on the
sequence of A p M A D S l , specific primers were designed
and used for the ampl i f ica t ion of 5' and 3' R A C E . Some
expected fragments from 5' and 3' R A C E were obtained.
Further work on the characterization of putative genes is
currently ongoing. Our results indicated that the homology
cloning method based on genomic D N A is feasible for
M A D S - b o x gene c lon ing in groundnut. The avai labi l i ty
of such genes can be used to study the control of floral
patterning thus p rov id ing an ideal genetic tool k i t to study
the diversif icat ion of f lower architecture and its possible
alteration through genetic engineering (Pavan Prakash
and Kumar 2002).
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maturi ty stage. Subsequently, powdery m i l d e w was
reported in February 2003 and 2004 in research fields as
w e l l as in farmers' fields in Jalgaon area (Table 1)
(Anonymous 2004). The incidence of powdery mi ldew
was moderate to severe in various rabi / summer seasons.A New Report on the Occurrence of
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Al though several groundnut (Arachis hypogaea) foliar
diseases have been reported in India, early and late leaf
spots and rust are the most wide ly distributed. Powdery
m i l d e w (Oidium arachidis), a very minor foliar disease
of groundnut, has been reported in many countries, v i z ,
Mauri t ius , Israel, Portugal, Tanganyika and India. The
f i rs t incidence of powdery mi ldew on groundnut in India
was reported on Spanish (A. hypogaea subsp fastigiata 
var vulgaris) varieties dur ing kharif (rainy season) 1986
at the National Research Centre for Groundnut ( N R C G ) ,
Junagadh, Gujarat by Ghewande and Reddy (1987). But
so far this disease was not reported in the state of
Maharashtra. D u r i n g rabi (postrainy season) of 1999/
2000, this disease was noticed on F3 generation of a cross
I C G V 86031 x T A G 24 at the Oilseeds Research Station,
Jalgaon, Maharashtra (Figs. 1 and 2). The first record of
this disease was noticed in February 2000 at the Oilseeds
Research Station, when the rabi-sown crop was at pod Figure 1. Powdery mildew of groundnut
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Table 1. Distribution and severity of powdery mildew of groundnut during rabi / summer in Jalgaon, Maharashtra, India.
Year
1999-2000
2001-02
2002-03
2003-04
2004-05
Date of
sowing
First week,
October 1999
6 October 2001
7 October 2002
First fortnight,
January 2004
1 October 2004
Date of first
appearance of disease
18 February 2000
15 February 2002
Second week,
February 2003
Last week,
February 2004
5 February 2005
Genotypes
ICGV 86031 x TAG 24(F3)
SB - XI
ICGS 76, 1CGV 86325,
SB-XI, TAG 24
SB-XI
TAG 24
SB - XI
Severity at maturity
stage
90% (Research farm)
2% (Research farm)
1-40% (Research farm)
10-60% (6 farmers' fields)
10-25% (Research farm)
5-60% (7 farmers' fields)
powdery mass radiated. The center of the spot later
becomes b r o w n and necrotic (Smith 1984). Microscopic
examination showed similar description of oidia as
recorded by Ghewande and Reddy 1987). The oidia were
deciduous, elliptical, barrel-shaped, hyaline and unicellular.
Their size varied from 34.2-50.96 m x 17.1-24.51 m.
The conidiophores were produced vert ical ly f rom the
superficial hyphae on the upper leaflet surface. Each
conidiophore had one or t w o oidia, but chains of three or
four were also observed. Sub-spherical pyr i form haustoria
developed in epidermal cells.
It is clear that although this disease is of minor importance
in Maharashtra today, it may cause an epidemic in future
in rabi / summer-sown groundnut crop.
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Entomopathogenic nematodes (EPN) and their symbiot ic
bacterial complex is known to give an effective and economic
control of many insects as w e l l as phytonematodes al l
over the w o r l d (Kaya et al. 1993, Smart 1995, Gaugler
2003). In recent years the metabolites produced by
Xenorhabdus bacteria have been reported to have
fungistatic effect against few plant pathogenic fungi also.
Chen et a l . (1994) have tested act iv i ty of t w o bacteria,
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The scientists of this research station j o i n t l y conducted
the survey w o r k of groundnut fields in Jalgaon district
dur ing 15-18 March 2005 and on 7 A p r i l 2005. D u r i n g
the survey, some groundnut fields in vi l lage Kasoda,
taluka Erandol were moderately to severely affected by
powdery mi ldew. The crop was sown in these fields
dur ing the first week of December 2004 to second week
of January 2005. The variety S B - X I was sown by the
farmers. The incidence of powdery m i l d e w was 20 to
60% in various fields. Powdery mi ldew was also noticed
in research trials on 16 A p r i l 2005 but the incidence was
in traces and further spread was not observed. However ,
10-25% incidence was observed on T A G 24 in breeder
seed product ion plot at Jalgaon on 4 M a y 2005.
Ghewande and Reddy (1987) had recorded powdery
mi ldew on groundnut when the crop was about 38 days
o l d and average temperature and re la t ive h u m i d i t y
were 27.2-29.2°C and 79 .3-97 .7%, respectively. The
disease developed as whi te floury patches on the ventral
surface of upper leaflets. These patches were found to
originate as d u l l , minute, discolored specks f rom w h i c h a 
Figure 2. Powdery mildew on groundnut genotype JALW 41
(ICGV 86031 x TAG 24) in a field at the Oilseeds Research
Station, MPKV, Jalgaon, Maharashtra, India.
toxic effect on the development of P. betae myce l ium
(Lopez et al . 1997). In v iew of these, in v i t ro testing of
EPN symbiotic bacteria, Xenorhabdus spp isolated from
native Steinernema riobrave (Ganguly et al. 2002),
S. thermophilum (Ganguly and Singh 2000) and 51
carpocapse (Gupta 2003) metabolites, against groundnut
collar rot fungus Aspergillus niger was carried out in the
laboratory dur ing 2003-04 .
Potato dextrose agar ( P D A ) in petri dish of 7 cm
diameter was used for opt imum growth of the fungus. The
petri dishes were inoculated w i t h about 1.4 x 109 viable
A. niger conidia m1 -1 using sterile micropipette. A l l the
Xenorhabdus isolates were tested as undiluted exotoxic
factors and 1:100 d i lu t ion . Wel ls of about 10 mm
diameter were bored w i t h sterile cork borer in the center
of P D A plates and inoculated w i t h exotoxic factors (0.1
m l ) of respective cultures. The culture filtrates were
prepared by g rowing Xenorhabdus cultures in min imal
broth media w i t h 10% dextrose wi thout organic and
protein ingredients, for op t imum growth of bacteria and
incubated at 23±2°C for 96 h in B O D incubator w i t h
st i r r ing at 50 rpm. Proteins excreted by the bacteria were
measured at a different absorption peak in the ultraviolet
range at 260 nm and 280 nm in ultraviolet spectrophoto-
meter. Individual optical density was counted and protein
concentration (mg m1 -1) was calculated by the formula
given by Kalckar (Jayaraman 1981). Besides this, direct
impact of exotoxic factors was assayed by m i x i n g
undiluted culture f i l t ra te ( 1 0 % in P D A ) before pla t ing the
petri dishes f o l l o w i n g inoculat ion of A. niger spores
(poisoned food technique).
Figure 1. Fungistatic effect of exotoxins of Xenorhabdus spp
against Aspergillus niger on potato dextrose agar at 72 h (SrM = 
Steinernema riobrave Mogar isolate; St = S. thermophilum; OH
= Ohio Standard; SA = Steinernema sp Anand isolate; and Sc = 
S. carpocapse). 
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SrM St OH SA Sc
Xenorhabdus and Photorhabdus, against plant pathogenic
fungi in Canada, v iz , Botrytis cinerea, Ceratocystis ulmi, 
C. dryocoetidis, Mucor piriformis, Pythium coloratum,
P. ultimum and Trichoderma pseudokingii and reported
complete inh ib i t ion of these fungi by phase one variants
of the symbiotic bacteria, whereas the mycorrhizal fungus
Suillus pseudobrevipes was not inhibi ted. Evaluation of
the Steinernema feltiae / Xenorhabdus bovienii complex
against the fungus Phoma betae on sugar beet (Beta
vulgaris) seedlings showed that their extract exerted
Table 1. In vitro antagonism of Xenorhabdus metabolites against Aspergillus niger. 
Bacterial isolate1
SrM
SA
Sc
St
OH
Control
SEm
CD at 5%
CV (%)
Inhibition (%) after time
24 h 
Undiluted
12
24
32
26
13
0
0.9
2.6
8.9
1:100
10
14
19
21
8
0
0.9
2.8
14.2
48 h 
Undiluted
5
18
19
19
10
0
0.8
2.4
12.6
1:100
4
8
13
13
6
0
1.0
3.0
23.9
72 h 
Undiluted
2
14
13
13
7
0
0.9
2.7
20.4
1:100
2
4
5
6
3
0
0.6
1.7
30.6
1. S r M = Steinernema riobrave Mogar isolate; SA = Steinernema sp A n a n d isolate; Sc = S. carpocapse;
St = S. thermophilum; and OH = Ohio Standard.
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and Steinernema sp (Anand isolate) exhibi ted l o w
protein product ion (Table 2) . Moreover , in another set,
when culture f i l t ra tes were m i x e d in P D A and plated for
assessment of tox ic effect, A. niger spore germinat ion
was delayed by 24 h in treated plates compared to
control . Later, mycel ia l g rowth was hampered t i l l 96 h 
compared to control plates.
Table 2. Estimation of total proteins of Xenorhabdus spp.
Xenorhabdus
culture1
Blank
SrM
SA
St
Sc
OH
Optical density
260 nm
100
0.031
0.022
0.132
0.139
0.020
280 nm
100
0.040
0.032
0.163
0.176
0.025
Protein
concentration2
(mg m1-1)
_
0.038
0.032
0.152
0.168
0.023
1. S r M = Steinernema riobrave M o g a r isolate; SA = Steinernema sp
A n a n d isolate; St = S. thermophilum; Sc = 5. carpocapse. 
2. Protein concentration (mg m1 -1) = (1.55 x OD200) - (0.76 x OD 2 6 0 )
A l l the treatments were replicated three times. Plates
were kept in the refrigerator for 30 m i n for diffusion of
l i q u i d and subsequently in B O D incubator a t 27±2°C for
incubation. Observations on inhibi t ion zone were recorded
at 24 h interval up to the o p t i m u m g rowth of fungus in
each plate. Growth inhibi t ion was calculated by the formula
of Nene and Thapl iya l (1979):
Inhibition (%) = 
The results showed that up to 24 h of g rowth , fungus
mul t ip l i ca t ion was lowered in a l l the treated plates
compared to control . However , after 72 h, fungal g rowth
was m a x i m u m cover ing whole plate except surrounding
the wel ls in t o x i n inoculated plates. Bacterial symbionts
of S. carpocapse and S. thermophilum had 32 and 2 6 %
inh ib i to ry effect against A. niger, respectively at 24 h of
inocula t ion compared to other cultures (Table 1).
Bacter ia l isolates from Steinernema sp ( A n a n d isolate)
and S. riobrave (Moga r isolate) showed relat ively l o w
fungistatic effect w i t h on ly 0.7 to 0.8 cm inh ib i t i on zones
( F i g . 1); the effect was s imilar to that observed w i t h
Xenorhabdus ( O h i o Standard). This may be due to l o w
protein product ion by these three bacterial isolates as
evident in the results on estimation o f total proteins o f
Xenorhabdus spp. Quanti tat ive analysis by ul t raviolet
absorption method of prote in est imation indicated that
total prote in concentration present in S. carpocapse and
S. thermophilum cultures was s imilar and good whereas
the O h i o Standard culture, S. riobrave ( M o r g a n isolate)
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C l u m p disease occurs in patches in fields. The disease
recurs when groundnut and certain IPCV-susceptible
cereal hosts l ike pearl mi l l e t (Pennisetum glaucum), 
sorghum (Sorghum bicolor), wheat (Triticum aestivum) 
and barley (Hordeum vulgare) are g r o w n regularly
(Delfosse et al . 1999). Durable resistance to c lump in
groundnut germplasm is lacking. A l t h o u g h several
thousand groundnut genotypes were screened for c lump
resistance in experimental sick plots, none of these were
consistently resistant or tolerant to I P C V (Reddy et a l .
1988). Genotypes that showed resistance (no infection)
or l o w disease incidence in one t r ia l showed severe
infect ion in subsequent trials at the same location. The
varia t ion in resistance/tolerance reaction in genotypes in
the sick plots was due to uneven dis t r ibut ion of virus
inoculum in the fields, w h i c h depends on the germination
of resting spores of P. graminis and environmental
conditions (Reddy et al. 1988). A reliable virus inoculation
procedure is essential to accurately evaluate groundnut
genotypes for I P C V resistance. A l though I P C V can be
transmitted by mechanical sap inoculat ion, it seldom was
used for resistance screening probably due to l o w
Rate of Transmission of Indian Peanut
Clump Virus to Groundnut by
Mechanical Inoculation
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' C l u m p ' is one of the major v i r a l diseases of groundnut
(Arachis hypogaea) caused by the Indian peanut c lump
virus ( I P C V ) in the Indian subcontinent ( N o l t et a l .
1988). A similar disease in A f r i c a is caused by peanut
c lump virus ( P C V ) (Thouvenel and Fauquet 1981). Bo th
P C V and I P C V belong to the genus Pecluvirus, and they
have similar physical , b io logica l and transmission
properties, but their coat proteins are h igh ly variable.
Various isolates of I P C V and P C V occur in endemic
regions (No l t et al . 1988). I P C V and P C V are transmitted
through seed and by a root endoparasite, Polymyxa 
graminis. Several serologically distinct isolates of P C V
and I P C V were identif ied in As ia and Af r i ca .
Table 1. Transmission of I P C V - H after mechanical inoculation with sap extracts prepared from virus-infected French bean.
Date of
inoculation
03/09/04
21/09/04
23/09/04
01/10/04
12/10/04
15/10/04
26/10/04
29/10/04
03/11/04
06/12/04
13/12/04
29/12/04
31/12/04
10/01/05
17/01/05
24/01/05
Mean
Groundnut cv JL 24
Incubation
period1
18
19
21
20
18
18
21
20
21
23
21
23
23
21
20
22
20.5
Infected/
Tested2
6/7
13/20
9/14
16/17
12/20
14/20
6/11
14/17
14/25
0/25
9/24
2/6
14/24
13/26
14/26
21/28
177/286
Infection3
(%)
85
65
64
94
60
70
55
82
56
0
37
33
58
50
54
75
62
Temperature4
Max
30.0
31.0
31.0
30.5
30.0
29.5
29.3
29.6
30.0
29.6
29.6
29.7
29.8
30.0
29.3
30.3
29.9
Min
21.0
21.0
21.0
20.0
18.0
18.4
18.0
17.9
16.1
11.3
12.4
13.6
14.0
15.5
16.8
16.5
16.9
French bean cv Topcrop
Days to
infection1
6
5
6
5
5
6
5
6
6
5
5
6
6
6
6
7
5.5
Infected/
Tested2
6/6
9/10
5/5
10/10
14/15
9/10
10/10
15/15
10/10
3/5
9/10
14/15
10/10
4/5
9/10
9/10
144/156
Infection3
(%)
100
90
100
100
93
90
100
100
100
60
90
93
100
80
100
90
92
Temperature4
Max
29.4
30.8
30.4
30.4
30.9
29.5
29.0
28.9
28.6
29.2
29.2
28.9
29.3
30.0
29.7
30.5
29.6
M in
21.4
21.7
21.9
21.1
19.7
15.7
18.7
19.2
15.9
10.1
11.0
15.2
15.4
11.6
14.8
19.1
17.0
1. M a x i m u m number of days at w h i c h a l l the virus-infected plants showed symptoms.
2 . Number o f plants.
3 . Infect ion conf i rmed by D A S - E L I S A .
4. Mean temperature ( °C) recorded dur ing days to infect ion.
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Table 3. Infection in groundnut cultivar JL 24 after inoculation with partially purified IPCV-H preparations.
Date of inoculation
20/01/05
03/02/05
15/02/05
Mean
Incubation period1
28
26
25
26
Dilution
1:100
1:1000
1:5000
1:100
1:1000
1:5000
1:100
Infected/Tested2
4/5
2/5
1/5
4/4
2/5
1/5
8/9
22/38
Infection3 (%)
80
40
20
100
40
20
89
57
Temperature4
Max
31.7
33.3
34.7
33.2
Min
16.3
16.3
17.4
16.6
1. M a x i m u m number o f days at w h i c h al l the v i rus- in fected plants showed symptoms.
2 . Number o f plants.
2 . In fec t ion con f i rmed by D A S - E L I S A .
3. Mean temperature ( °C) recorded du r ing days to in fec t ion .
Table 2. Transmission of IPCV-H to groundnut cultivar JL 24 using inoculum from virus-infected groundnut leaves.
Date of inoculation Days to infection3
18/11/04 21
19/12/04 23
04/02/05 19
11/02/05 18
Mean 21
Infected/Tested2
5/20
9/26
19/20
17/24
50/90
Infection3 (%)
25
35
95
71
55
Temperature4
Max
29.2
29.7
33.2
34.4
31.6
Min
11.5
13.5
15.4
16.7
14.2
1. M a x i m u m number of days at wh i ch al l the v i rus- in fected plants showed symptoms.
2 . Number o f plants.
3. Infect ion conf i rmed by D A S - E L I S A .
4. Mean temperature ( °C) recorded dur ing days to in fec t ion .
in fect ion rate achieved by this method. In this study, rate
of IPCV [Hyderabad isolate (H) ] transmission to groundnut
by mechanical inoculat ion was assessed using the virus
infected leaf sap and purif ied virus preparations as inocu lum.
For the inocu lum preparat ion, 0.05 M potassium
phosphate buffer, pH 7 contain ing 0 . 1 % (v /v )
mercaptoethanol was used (referred as inoculat ion buffer) .
French bean (Phaseolus vulgaris) cu l t ivar Topcrop at
cotyledonous leaf stage and groundnut cul t ivar JL 24 at
three-leaf stage were used for inoculat ion. Bo th these
cult ivars were h igh ly susceptible to IPCV infect ion. Pr ior
to inoculat ion test plants were kept in dark for 12-16 h.
Test plants were dusted w i t h carborandum (600 mesh)
and freshly extracted inocu lum was immediate ly appl ied
onto the leaves w i t h a double layer mus l in -c lo th pad.
Inoculated leaves were washed w i t h d ist i l led water and
covered w i t h sheets of paper and kept in dark overnight .
They were maintained in greenhouse chambers f i t ted
w i t h air-coolers to lower the day temperature ( 2 7 - 3 5 °C ,
depending on the external temperature), w h i c h were
operated dur ing dayt ime only . Plants were regular ly
moni tored for symptoms and tested for the v i rus in leaf
samples (1:20 w / v ) by D A S - E L I S A (double ant ibody
sandwich - enzyme- l inked immunosorbent assay) using
I P C V - H immunoglobu l ins as described by No l t et a l .
(1988).
The I P C V - H infected groundnut seed stored at - 7 0 °C
was used as in i t ia l v i rus inocu lum source. In a pre-chi l led
mortar and pestle, seed material (1:10 w /v ) was macerated
in ch i l led inocu lum buf fer and immediate ly inoculated to
French bean. Ve ina l necrosis symptoms, typ ical o f IPCV
infect ion, developed 4 - 7 days after in fect ion. This was
used as the virus source for subsequent experiments. Leaf
sap extract (1:10 w / v ) prepared f rom 1PCV-H infected
French bean was inoculated to 16 batches of French bean
and groundnut plants raised in g rowth chambers on
different dates from September 2004 to January 2005
(Table 1). Plants were monitored for symptoms up to 30
days after infection, and they were assayed for I P C V - H
by D A S - E L l S A . French bean plants were readily
infected w i t h the virus in al l these experiments. Infected
plants showed typical symptoms w i t h i n 5-7 days after
infection. Except on one occasion, 80 -100% of the
inoculated plants were infected w i t h the virus , w i t h a 
mean infection of 9 2 % for the entire experiment (Table
1). The sap inoculated groundnut plants took 18-23 days
to develop symptoms; infection in most experiments was
50-75%, w i t h a mean infection rate of 6 2 % for the entire
experiment (Table 1). When the groundnut plants were
inoculated w i t h sap extract prepared from the virus-
infected groundnut leaves, 2 3 - 9 0 % of the test plants were
infected, and it took 18-23 days to develop symptoms
(Table 2). Groundnut plants were also inoculated w i t h
partially pur i f ied I P C V - H preparations made f rom 100 g 
virus-infected French bean leaf tissue using the
procedure described by N o l t et al . (1988). The part ial ly
pur i f ied virus pellets were dissolved in 5 ml of 0.02 M 
sodium borate, 0.03 M potassium phosphate buffer, pH
8.3, containing 0.3 M urea, and diluted to 1:100, 1:1000 and
1:5000 in inoculum buffer and applied onto the groundnut
plants. Test plants inoculated w i t h 1:100 d i lu t ion
preparations showed 80 -100% infection in three separate
experiments, whereas those inoculated w i t h 1:1000 and
1:5000 di lut ions showed 2 0 - 4 0 % infection (Table 3).
The night temperature seems to have an effect on
I P C V - H infection in groundnut plants. Less than 4 0 % of
the inoculated groundnut plants showed infection when
the night temperature was 12-14°C, and no infect ion
resulted when the temperature was <12°C (Tabie 1).
D u r i n g the same period, there was no difference in
percentage infection in French bean, but when the night
temperature dropped below 11 °C, only 60% infect ion
resulted in the test plants (Table 1). Further studies are
necessary to understand the effect of temperature on
1PCV infection in groundnut.
This study showed that using French bean as inoculum
source, I P C V - H could be efficiently transmitted to
groundnut by mechanical sap inoculat ion and the virus
has about three weeks incubation period in groundnut.
This method is convenient and al lows reliable screening
of elite groundnut germplasm for resistance to various
I P C V and P C V isolates in relat ively short period.
Rust caused by Puccinia arachidis is an economically
important disease of groundnut (Arachis hypogaea) in
India. The disease is most severe in rainy season, causing
y ie ld losses of up to 4 0 % in the state of Karnataka.
Recently, up to 80% disease incidence of rust has been
reported in Koppal and Raichur districts ( N R C G 2002).
Management of rust by application of chemical fungicides
has been recommended, but this opt ion is expensive and
leads to environment po l lu t ion . Al terna t ive ly , neem seed
kernel extract ( N S K E ) has been found to reduce the rust
incidence to some extent in groundnut (Usman et a l .
1991). Hence this study was undertaken to f ind out the
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suitable cost-effective integrated disease management
spray schedule by integration of new fungicides and
N S K E .
Fie ld experiments were conducted in a randomized
block design at the Regional Agr icu l tu ra l Research
Station, Raichur, Karnataka for t w o years in 2002 and
2003 rainy seasons (June-October). Groundnut variety
K R G - 1 , h igh ly susceptible to rust, was sown in 3 m x 5 m 
plots w i t h a spacing of 30 cm x 10 cm. A l l the
recommended package of practices for t i l lage, manuring,
i r r igat ion, etc were fo l lowed . Fourteen treatments w i t h
three replications were evaluated for control of rust.
These treatments included four fungicides, hexaconazole,
propiconazole, difenconazole and chlorothalonil in different
combinations w i t h N S K E . The details of the treatment
combinations are given below:
T 1 : C-C-C (0 .2% - 0.2% - 0.2%)
T 2 : N - N - N (5 .0% - 5.0% - 5.0%)
T3: H - H - H ( 0 . 1 % - 0 . 1 % - 0.1%)
T 4 : P-P-P ( 0 . 1 % - 0 . 1 % - 0.1%)
T 5 : D - D - D ( 0 . 1 % - 0 . 1 % - 0.1%)
T 6 : C-N-C ( 0 . 1 % - 5.0% - 0.1%)
T 7 : H - N - H ( 0 . 1 % - 5.0% - 0.1%)
T 8 : P-N-P ( 0 . 1 % - 5.0% - 0.1%)
T 9 : D - N - D ( 0 . 1 % - 5.0% - 0.1%)
T1 0 : N - C - N (5 .0% - 0.2% - 5.0%)
T11,: N - H - N (5 .0% - 0.1 % - 5.0%)
T 1 2 : N - P - N (5 .0% - 0 . 1 % - 5.0%)
T1 3 : N - D - N (5 .0% - 0 . 1 % - 5.0%)
T 1 4 : No spray (wi thout fungicides)
( I n the above treatments, C refers to chlorothaloni l ,
N to N S K E , H to hexaconazole, P to propiconazole and
D to difenconazole.)
In a l l the treatments, these protective foliar sprays
were applied. The first spray was given immediately after
the appearance of rust pustules on lower leaves of the
plant, ie, 45 days after sowing and two subsequent sprays
were g iven at 10 days interval . The spray solution used
per p lo t was 1, 1.5 and 2 L for the first, second and th i rd
sprays, respectively. The observations on disease
intensity were recorded 10 days after the th i rd spray at
natural epidemic conditions. Ten plants were selected
randomly f rom each plo t and plants were rated for rust
severity on a 1-9 scale (Subrahmanyam et a l . 1995). Per
cent disease index (PDI ) was calculated using the
f o l l o w i n g formula:
P D I = x 100
The P D I values were transformed by angular
transformation and analyzed statistically. D r y pod y i e ld
was also recorded. Disease control (%) and pod y ie ld
increase over control were calculated and data were
analyzed statistically.
The comparison of pooled means indicate that a l l
treatment combinations significantly reduced the severity
of rust and also increased the pod y ie ld as compared w i t h
untreated control (Table 1). However , they showed
differential effects in cont ro l l ing the disease. A m o n g the
treatment combinations, hexaconazole was signif icantly
(P = 0.05) effective followed by difenconazole and
propiconazole. Further, combination of hexaconazole
w i t h N S K E ( H - N - H ) showed better control (53.93%)
than D - N - D (53.53%) and P-N-P (52.37%). These
treatments were also effective in increasing the pod y ie ld
in the same pattern as they control the disease. A m o n g
them, H - N - H treatment was h igh ly effective w i t h more
yields. The spray combination of H - N - H reduced one
spray of hexaconazole wi thout compromising on disease
control . A l so , N S K E and hexaconazole reduced the cost
towards crop protection.
Jadeja et al . (1999) reported that among different
triazoles tested best control of rust on groundnut was
achieved w i t h three sprays of hexaconazole and
difenconazole w i t h more pod y ie ld . Usman et al . (1991)
used different neem products and recorded lesser
incidence of rust w i t h higher benefit-cost ratio in N S K E -
applied plots. By using a combination of hexaconazole
and N S K E we observed further reduction in the quanti ty
of fungicides required for effective disease control .
Results of this study are also supported by Patil (1996)
who suggested that rust of sunflower (Helianthus annuns)
can be managed effectively w i t h a spray schedule of
propiconazole and N S K E (5%) w i t h higher yields . The
present findings are in agreement wi th Shivashankar and
Kadam (1993) w h o reported that spraying of neem leaf
extract in combination w i t h recommended fungicides
recorded numerical superiority in reducing rust incidence
in groundnut.
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Salinity is an ever-increasing problem, especially in areas
where lands are irrigated w i t h water containing salts.
Wor ldwide , about 100 m i l l i o n ha of arable land is affected
by salinity, wh ich accounts for about 6 - 7 % of the total
arable land (Munns and James 2003). Sal ini ty adversely
affects plant g rowth at all stages and at seedling and
reproductive stages in particular, dramatically reducing
the crop y i e ld (Munns et al . 2002).
Groundnut (Arachis hypogaea) is an important
commodi ty in many developing countries, part icularly in
India where the nitrogen (N) - r i ch crop residues are also
used as fodder. The product ion of groundnut in India
needs to be increased from the current 8 m i l l i o n t to about
14 m i l l i o n t by 2020 to meet the increasing demand of the
o i l and confectionery industry (Girdhar 2004). This
increase w i l l have to be part ial ly achieved by g r o w i n g
groundnut in lands considered so far as unsuitable for
agriculture, l ike rice (Oryza sativa) fa l low affected by
salinity dur ing the postrainy season.
L i t t l e is k n o w n about the salinity tolerance of
groundnut and no attempt has been made to breed salinity
tolerant groundnut varieties. A protocol is a prerequisite
for understanding the response to salinity stress, assessing
genetic var iabi l i ty and ident i fy ing surrogate traits and
mechanisms contributing to tolerance. Therefore, the first
step to this w o r k is to standardize a screening protocol to
use for the selection of tolerant materials. A l though this
protocol w i l l be used to test large number o f genotypes
for their y i e ld response under sal ini ty, its standardization
can be done on the basis of the vegetative biomass
reduction under salt treatment.
In this article, we report the results of t w o experiments
that were carried out to standardize a protocol to screen
groundnut for sal inity tolerance. Our objectives were:
( i ) to ident ify an op t imum N a C l treatment; ( i i ) to explore
the potential tolerance mechanisms; and ( i i i ) to assess the
genotypic variat ion for sal inity tolerance in groundnut.
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Experiment 2 (Exp 2). Four salt treatments were
imposed, 0, 1.34,1.68 and 2.02 g kg-1 soi l , corresponding
to an application of solution of 0 , 100, 125 and 150 mM
concentrations. Salt treatments were applied a l l in one
dose at sowing. Plants were sown on 19 February and
harvested on 13 A p r i l 2005. At harvest, leaves, stems and
pods were separated and dried as in Exp 1.
Cri ter ia to assess salt tolerance. Salt tolerance was
assessed on the basis of total biomass (shoot + roots) in
Exp 1 and on shoot biomass alone in Exp 2 as shoot
biomass and total biomass in Exp 1 were found to be very
closely associated ( r 2 = 0.93, data not shown). The total
biomass or shoot biomass is hereafter referred as biomass
for brevi ty. Also the ratio between the biomass produced
under salinity to that of control was used to assess salt
tolerance (Krishnamurthy et al . 2003a, 2003b).
Measurement of plant traits. Lea f size: A few days
before harvest, the two most fu l ly expanded leaves in the
main stem were collected for the leaf area measurement.
The ratio of the replication-wise values under salinity
divided by mean control value for each genotype and
treatment gave an estimate of the relative reduction in
leaf size due to salinity.
Stem/leaf ratio: Af ter harvest, stems and leaves were
separated and their ratio computed for each ind iv idua l
plant.
Nodula t ion: In Exp 1, at harvest, the nodule number and
nodule dry mass were measured and their relative decreases
under salinity were computed (replication-wise values
under salinity d iv ided by mean control value for each
genotype and treatment).
S C M R : In Exp 2, the chlorophyl l content of leaves at 49
days after sowing was assessed using the S P A D (Soi l and
Plant Analysis-Development) ch lorophyl l meter reading
( S C M R ) . The S P A D readings were recorded on 4 leaflets
of the top t w o most fu l ly expanded leaves of the ma in
stem, and averaged. The ratio of replication-wise values
under salinity divided by mean control value for each
genotype and treatment gave an estimate of the relative
reduction in ch lorophyl l .
Na concentration in leaves: In Exp 1, 150 mg of f inely
ground leaf sample was digested in 4 ml of concentrated
sulfuric acid w i t h 0.5% selenium powder at 360°C for 75
m i n on a block digester and the digest was di luted to 75
m l . Us ing this digest K and Na were estimated (Sahrawat
et al. 2002) using an atomic absorption spectrophotometer
(Var ion model 1200, Austral ia) .
Table 1. Ratio of biomass of groundnut under salinity to
biomass under control in different NaCI treatments.
NaCl (mM) treatment Exp 11
0 1 
50 0.84+0.08
100 0.59+0.08
125
150 0.33+0.04
Exp 2'
1
0.61 ± 0.09
0.39 + 0.07
0.25 + 0.02
1. Data are the average ratios of 6 groundnut genotypes (+SD) . Mean
biomass across genotypes in 0 mM treatment was 10.6 g plant - 1 in
Exp 1 and 6.3 g plant -1 in Exp 2.
Materials and methods
Growth conditions and salt application. T w o experiments
were carried out in a glasshouse, w i t h day/night
temperature of 28/22°C. In both experiments, six
genotypes belonging to different botanical types [ I C G
(FDRS) 10, ICGS 44, ICGS 76, I C G V 86031 , JL 24 and
T A G 24] were g r o w n in 15-cm diameter pots f i l l ed w i t h 2 
kg of A l f i s o l , collected f rom the experimental station a t
the International Crops Research Institute for the Semi-
A r i d Tropics ( I C R I S A T ) , Patancheru, India. The soil was
fert i l ized w i t h d iammonium phosphate ( D A P ) a t 300 mg
kg -1 soi l , and also treated w i t h carbofuran to prevent
thrips infestation and thereby peanut bud and stem
necrosis incidence. Four seeds were planted per pot and
later thinned to t w o seedlings per pot. Five replicated
pots per treatment and genotype were g rown. In both the
experiments, N a C l was applied at a f ixed rate in g kg -1 of
soi l . The required salt was dissolved in water needed to
saturate the soi l to f ie ld capacity ( 2 3 % w / w ) . Plants were
grown for seven weeks in both the experiments and then
harvested.
Experiment 1 (Exp 1). Four salt treatments were imposed,
0 ,0 .67 ,1 .34 and 2.02 g kg -1 of soi l . They corresponded to
a solution concentration of 0, 50, 100 and 150 mM NaCl ,
in the amount sufficient to saturate the soil at field
capacity. In this experiment, salt was applied in three
split doses, w i t h i n the in i t i a l 10 days after sowing, to
avoid a rapid bui ld-up of salt in the soi l . Plants were sown
on 18 August and harvested on 6 October 2004. At
harvest, the plants were separated into leaves, stems,
roots, pods and nodules and dried to constant weight in a 
hot air oven at 70°C. Since pod weight was negl igible in
the different salt treatments, pod weight was not
considered in the analysis.
Biomass response to salinity. In Exp 1, plants were l i t t le
affected by 50 mM N a C l treatment, al though there were
significant genotypic differences (F ig . 1). S imi la r ly , in
both Exp 1 and Exp 2 the genotypic response for biomass
product ion a t 150 mM was m i n i m a l . In Exp 1 , 100 mM
NaCl appeared to induce large genotypic biomass
differences, w i t h genotypes ICGS 44, ICGS 76 and JL 24
having higher biomass than I C G (FDRS) 10, I C G V
86031 and T A G 24 (P = <0.001) (F ig . 1). In Exp 2,
although the 100 mM concentration induced some
differences between the genotypes, ie, ICGS 44 and
ICGS 76 also had a h igh biomass compared to I C G V
86031 and T A G 24 (P = 0.042), the 125 mM
concentration brought about larger contrast between
genotypes, w i t h ICGS 44 reaching the highest biomass
whereas JL 24 and T A G 24 were the lowest (P = 0.003)
(F ig . 1). Across experiments, it appeared that ICGS 44
achieved consistently the highest biomass at 100 mM
whereas I C G V 86031 and T A G 24 had the lowest biomass.
W h i l e the ratio of biomass product ion under salinity to
that of control was l i t t le affected a t 50 mM concentration
(0.84), the ratio decreased to a value as l o w as 0.59 and
0.61 at 100 mM concentration in Exp 1 and Exp 2,
respectively (Table 1), and 0.39 at 125 mM in Exp 2. In
both experiments, the ratio of biomass product ion was
severely decreased at 150 mM N a C l (0.33 in Exp 1 and
0.25 in Exp 2) . The consistent results across experiments
clearly indicated significant genotypic differences.
Therefore, we used the treatment from the two experiments
g i v i n g the most genotypic contrast, ie, the 100mM
treatment in Exp 1 and 125 mM treatment in Exp 2, to
identify surrogate traits and mechanisms contr ibut ing to
salinity tolerance.
Plant morphology and salinity tolerance. Leaf size 
reduction: In Exp 2, genotypes showing good g rowth
under 125 mM treatment seemed to maintain leaf size 
close to that of control (Table 2) . The regression of the
relative leaf size reduction at 125 mM treatment on the
ratio of shoot biomass under sal inity revealed a 
significant association (r2 = 0.45, P = <0.01), showing
that tolerant plants were able to maintain the leaf size
closer to that of control (data not shown).
Ratio of stem to leaves: Stem por t ion in groundnut
represent a substantial part of the dry matter (Table 2).
The rat io of stem to leaves dry weigh t and the ratio of
shoot biomass under sal ini ty were correlated w i t h a 
h igh ly significant relationship (r2 = 0.56, P = <0.01) (data
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We have shown that the 100-125 mM range o f N a C l
treatments was suitable to screen for sal inity tolerance in
groundnut. The material screened in this study was very
l imi ted, but large differences could be shown for response
to salinity stress. So, there is a good scope for ident i fy ing
genotypes w i t h higher level of tolerance from larger
screening of diverse sets of materials.
Certain aspects of the plant morphology , ie, the
reduction in leaf size and the stem/leaves ratio in response
to sal ini ty stress provided interesting insights. The
reduction in leaf area in sensitive plants under salinity
stress indicated arrest of leaf expansion, wh ich eventually
limits the area available for photosynthesis. Further research
Discussion
not shown). This shows that al though Na accumulation in
stems in relat ion to leaves was not measured, a larger
stem propor t ion may serve as a Na sink and confer higher
tolerance to salinity.
N status and salinity tolerance. Nodula t ion : Ni t rogen
f ixat ion is very sensitive to sal inity (Rao et al . 2002). In
Exp 1 the number and dry mass of nodules reduced
drastically w i t h increasing salinity, especially at
concentrations above 100 mM N a C l (Table 2). A h igh ly
significant posit ive relationship (r2 = 0.40, P = <0.05)
was found between the relative nodule biomass reduction
and the ratio of shoot biomass under salinity, indicat ing
that the more sensitive genotypes suffered a relat ively
larger decrease in nodulat ion compared to their
respective controls (data not shown).
Ratio S C M R : Since nodulat ion was decreased in Exp 1,
there was an interest to measure S C M R as an indirect
measure of shoot N status. A l t h o u g h there was a trend to
have plants w i t h relat ively less decrease in the S C M R
values compared to control being also more tolerant
(Table 2), this trend was not significant (r2 = 0.24, P = 
0.29). Several S C M R measurements recorded at various
dates after sowing failed to show any significant trend
(data not shown).
Na accumulation in leaves: In most plants, the
accumulat ion of Na in shoot brings about deleterious
effect, and the plant strategy is to l i m i t the Na bui ld-up in
the shoot tissues. A l t h o u g h it was found that the Na
concentration in shoot increased w i t h the salt treatment
(Table 2), there was no relationship between the shoot Na
concentration and the relative sensit ivity of plants to salt
treatment (data not shown).
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Table 2. Mean (±SE) values of nodule dry mass, Na concentration in leaves, ratio of stem/leaves, leaf area and SCMR in
different NaCl treatments tested against six groundnut genotypes.
Genotype
Nodule dry mass (g) (Exp 1)
ICG (FDRS) 10
1CGS 44
ICGS 76
lCGV 86031
JL 24
TAG 24
Na concentration (%) (Exp 1)
ICG (FDRS) 10
ICGS 44
ICGS 76
ICGV 86031
JL 24
TAG 24
Stem/leaves ratio (Exp 1)
ICG (FDRS) 10
ICGS 44
ICGS 76
ICGV 8603 1 
JL 24
TAG 24
Stem/leaves ratio (Exp 2)
ICG (FDRS) 10
ICGS 44
ICGS 76
ICGV 86031
JL 24
TAG 24
Leaf area (of 8 leaflets) (cm2) (Exp 2)
ICG (FDRS) 10
ICGS 44
ICGS 76
ICGV 86031
JL 24
TAG 24
SCMR1 (Exp 2)
ICG (FDRS) 10
ICGS 44
ICGS 76
ICGV 86031
JL 24
TAG 24
1. SCMR = SPAD chlorophyll meter reading.
Control
0.168 + 0.010
0.168 + 0.023
0.204 + 0.030
0.221 ± 0.013
0.160 + 0.010
0.131 + 0.007
0.12 + 0.01
0.13 + 0.02
0.11 + 0.02
0.15 + 0.02
0.12 + 0.01
0.19 + 0.03
0.84 + 0.04
0.99 + 0.04
0.98 + 0.04
0.87 + 0.07
0.86 + 0.05
0.82 + 0.11
0.78 + 0.07
0.83 + 0.05
0.72 + 0.03
0.65 + 0.03
0.68 + 0.02
0.70 + 0.04
47.4 + 3.3
25.7 + 2.8
30.1 + 2.8
40.0 + 3.7
47.9 + 6.2
18.8 + 1.5
39.4 + 0.6
46.5 + 2.4
50.1 + 2.5
46.0 + 5.2
42.3 + 3.3
39.5 + 1.8
50 mM
0.096 + 0.008
0.134 + 0.015
0.139 + 0.021
0.136 + 0.023
0.136 + 0.017
0.132 + 0.011
0.24 + 0.04
0.20 + 0.04
0.15 + 0.03
0.15 + 0.03
0.14 + 0.02
0.28 + 0.04
0.96 + 0.04
1.08 + 0.07
0.94 + 0.01
0.83 + 0.06
0.87 + 0.06
0.90 + 0.10
100 mM
0.075 + 0.023
0.132 + 0.020
0.163 + 0.031
0.084 + 0.013
0.106 + 0.024
0.074 +0.015
0.21 + 0.03
0.23 + 0.04
0.17 + 0.01
0.23 + 0.03
0.28 + 0.05
0.27 + 0.05
0.83 + 0.08
1.08 + 0.04
0.98 + 0.05
0.83 + 0.08
0.97 + 0.08
0.88 + 10.12 
0.73 + 0.04
1.06 + 0.27
0.62 + 0.04
0.77 + 0.17
0.59 + 0.04
0.81 + 0.05
38.7 + 2.9
24.5 + 2.0
24.9 + 3.0
25.3 + 2.3
37.7 + 2.9
17.1 + 2.1
41.4 + 1.3
36.9 + 1.4 
45.2 + 2.4
40.1 + 2.3
39.6 + 2.2
38.6 + 0.8
125 mM
0.62 + 0.03
0.84+0.08
0.64 + 0.06
0.59 + 0.04
0.56 + 0.05
0.73 + 0.04
33.2 + 3.8
21.3 + 1.6
20.1 + 1.8
24.1 + 1.8
28.3 + 2.3
13.9 + 0.9
35.0 + 3.6
40.3 + 2.0
43.7 + 2.8
33.8 + 1.1
30.7 + 1.9
33.1 + 2.0
150 mM
0.018 + 0.003
0.056 + 0.003
0.091 + 0.021
0.036 + 0.000
0.048 + 0.018
0.041 + 0.006
0.55 + 0.06
0.73 + 0.13
0.41 + 0.05
0.33+0.04
0.80 + 0.22
0.57 + 0.08
0.86 + 0.05
0.80 + 0.04
0.84 + 0.08
0.99 + 0.01
0.86 + 0.05
0.88 + 0.03
0.61 + 0.02
0.69 + 0.02
0.59 + 0.04
0.58 + 0.03
0.56 + 0.03
0.69 + 0.02
26.2 + 2.4
16.7 + 1.4
14.9 + 1.4
19.3 + 2.0
26.2 + 3.0
11.2 + 1.2
32.6 + 4.1
36.8 + 1.3
42.6 + 2.9
32.1 + 1.2
33.1+ 1.4
31.2 + 2.3
ICG(FDRS)10
ICGS 44
ICGS 76
ICGV 86031
JL 24
TAG 24
Salt treatment (mM NaCI)
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Figure 1. Shoot dry mass of groundnut under different salt treatments in Exp 1 and Exp 2. (Note: Data are means of five replicated
plants per genotype and treatment and the vertical bars denote SE.)
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Referencesis therefore needed to compare the leaf expansion of
tolerant and sensitive genotypes under salinity stress and
to assess the potential role played by abscisic acid. The
ratio of stem/leaves was also an interesting aspect related
to the possible storage of Na . I t has been found in
sorghum (Sorghum bicolor) that plants under salinity
store a large amount of Na in the stem, as compared to
leaves and young leaves (Netondo et a l . 2004). We found
in sorghum that there was a h igh ly significant correlation
between the salinity tolerance and the stem/leaves ratio
(our on-going unpublished w o r k in sorghum). The same
turned out to be true in groundnut, where stems could be
used as Na storage. Further investigation is needed to
dissect the precise localization of Na in the shoot parts of
tolerant and sensitive groundnut genotypes.
The N status of plants under salinity appeared to be
severely affected along w i t h a drastic reduction in leaf
size. It is too early to conclude that nodulat ion reduction
was the cause for the reduced production of biomass
under salinity in sensitive genotypes, as nodulat ion is an
endogenous variable (nodulat ion affects shoot g rowth
but shoot g rowth in turn also affects nodulation). Further
w o r k w o u l d be needed to explore whether the N 2 - f ixat ion
process is the most sensitive physiological mechanism in
groundnut exposed to salinity.
N o w that this protocol is set up, further w o r k is needed
to investigate the range of y i e ld response to 100-125 mM
NaCI treatment, using a large range of genotypes.
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The district and state level data related to area, product ion
and product iv i ty of groundnut and ra infal l were collected
Materials and methods
The distr ict-wise annual ra infa l l , area, product ion and
product iv i ty of groundnut in Gujarat and the correlation
coefficient between rainfal l and product iv i ty are
presented in Table 1.
Rainfa l l distribution in G u j a r a t . The annual rainfal l of
Gujarat is 851 mm w i t h a var iab i l i ty of 31 %. The rainfal l
varied from as l o w as 330 mm w i t h the highest annual
var iabi l i ty of 6 9 % in K u t c h district to as h igh as 2088 mm
w i t h the lowest var iab i l i ty o f 2 9 % in Dangs distr ict o f
South Gujarat region. Junagadh distr ict has a peculiar
rainfal l characteristic of h igh rainfal l as in a humid area
and a h igh var iab i l i ty l ike an ar id climate. Kheda district
in M i d d l e Gujarat w i t h 941 mm rainfal l has 4 7 %
var iab i l i ty but Junagadh district in Saurashtra region w i t h
992 mm rainfal l has 5 4 % var iab i l i ty . Except Dangs and
Valsad the ra infa l l is h igh ly erratic in a l l the districts.
Khambete and Biswas (1978) observed that more than
9 5 % of annual ra infal l in Gujarat occurs dur ing the
southwest monsoon season and neither the annual nor the
seasonal ra infal l d is t r ibut ion shows skewness.
A r e a , production and yield of groundnut in G u j a r a t .
The groundnut area in Gujarat varied f rom 2.34 m i l l i o n
ha in 1962 to 1.05 m i l l i o n ha in 1987-88 w i t h an average
of 1.91 m i l l i o n ha and year-to-year var iab i l i ty o f on ly
1 1 % . The production varied from 2.87 m i l l i o n t in 1988-89
Results and discussion
for 43 years (1960-2002) from the publications of the
Department of Agr icu l tu re , Gujarat. The collected data
were used to compute relative y i e ld index ( R Y I ) as g iven
by Kanwar (1972) for each year and for each distr ict
separately and f ina l ly averaged over the years. The
statistical parameters l ike mean, standard deviat ion (SD) ,
coefficient o f var ia t ion ( C V ) and correlat ion coefficient
were calculated to interpret the results and determine the
efficient cropping zones. The f o l l o w i n g formula was
used to calculate R Y I :
R Y I = (Average y i e ld of the district / Average y i e ld of
the state) x 100
Three categories of cropping zones were classified as
most efficient (>125) , efficient (100-125) and not
efficient (<100) by using R Y I values. Considering the
CV values for R Y I , the cropping zones were classified as
most stable (<25%) , stable ( 2 5 - 5 0 % ) and unstable
(>50%) . A l l the districts were grouped in f ive regions,
v i z , K u t c h , Saurashtra, N o r t h Gujarat, M i d d l e Gujarat
and South Gujarat.
Cropping System
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Groundnut (Arachis hypogaea) is the most important
oilseed crop in Gujarat, Ind ia and occupies an area of
1.91 m i l l i o n ha w i t h a product ion of 1.47 m i l l i o n t . This
crop is g rown in almost a l l the eight agroclimatic zones of
the state irrespective of so i l , cl imate and ra infa l l patterns.
Crop production and productivity in agriculture is dependent
on climate in general and weather in particular. The total
product ion of any crop depends on the actual acreage
under cul t iva t ion and the weather condit ions dur ing the
crop life per iod whereas the produc t iv i ty of the crop
depends on both the soil characteristics and weather
conditions dur ing the season (Venkataraman and
Krishnan 1992). The studies on long-term effect of
sowing t ime and rainfal l d is t r ibut ion revealed that the
rainfal l amount and dis t r ibut ion dur ing the g r o w t h per iod
significantly affected the groundnut product ion and
product iv i ty at Junagadh, Gujarat (Sahu et al . 2004).
Veeraputhiran et al. (2003) have assessed and identif ied
the efficient c ropping zones for rice (Oryza sativa) and
groundnut in Tami l Nadu , India.
Though generally crop area is increasing every year in
some regions, the product ion and produc t iv i ty are
decl ining due to many obvious constraints. Rainfal l is the
most v i t a l factor affecting dryland kharif ( rainy season)
crops. Hence the assessment of efficient groundnut areas
for m a x i m u m and stabilized product ion and produc t iv i ty
is essential. Junagadh distr ict is the most efficient and
stable zone for groundnut. The total area under groundnut
in Saurashtra region is 1.6 m i l l i o n ha but the product iv i ty
is 708 kg ha-1, w h i c h is considerably lower than the other
regions of the state of Gujarat. The y i e l d potential o f
groundnut is higher in other regions of the state than the
Saurashtra region.
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Table 2. District-wise efficiency and stability of groundnut production in Gujarat, India.
Region/District
Kutch
Saurashtra
Amreli
Bhavnagar
Jamnagar
Junagadh
Rajkot
Surendranagar
North Gujarat
Ahmedabad
Gandhinagar
Mehsana
Banaskantha
Sabarkantha
Middle Gujarat
Kheda
Vadodara
Panchmahal
South Gujarat
Bharuch
Surat
Valsad
Dangs
Relative yield index (RYI)
Mean
144
94
91
67
141
73
94
129
127
109
113
123
199
130
134
137
171
142
87
SD
111
23
35
35
30
32
58
116
87
37
33
58
193
73
80
92
146
86
45
CV (%)
77
24
39
53
21
43
62
90
69
34
29
47
97
56
60
67
86
60
52
Efficiency
Most efficient
Not efficient
Not efficient
Not efficient
Most efficient
Not efficient
Not efficient
Most efficient
Most efficient
Efficient
Efficient
Efficient
Most efficient
Most efficient
Most efficient
Most efficient
Most efficient
Most efficient
Not efficient
Stability
Unstable
Most stable
Stable
Unstable
Most stable
Stable
Unstable
Unstable
Unstable
Stable
Stable
Stable
Unstable
Unstable
Unstable
Unstable
Unstable
Unstable
Unstable
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to 0.14 m i l l i o n t in 1987-88 w i t h an average product ion
of 1.47 m i l l i o n t in the past 43 years. The produc t iv i ty
varied f rom 1577 kg ha -1 in 1988-89 to 133 kg ha -1 in
1987-88, the disastrous drought year. A m o n g districts
Rajkot has the highest average area (0.39 m i l l i o n ha)
fo l lowed by Junagadh (0.37 m i l l i o n ha), Jamnagar (0.35
m i l l i o n ha) and A m r e l i (0.26 m i l l i o n ha). Junagadh
distr ict ranks first in total product ion (0.39 m i l l i o n t )
fo l lowed by Rajkot (0.22 m i l l i o n t) , Jamnagar (0.20
m i l l i o n t ) and A m r e l i (0.19 m i l l i o n t ) . Kheda distr ict
ranks first in product iv i ty w i t h 1167 kg ha-1, fo l lowed by
Junagadh (1024 kg ha 1 ) , Surat (987 kg ha-1), K u t c h (932
kg ha-1) and Gandhinagar (920 kg ha - 1) .
The relationship between distr ict-wise rainfal l and
product iv i ty of groundnut was found to be strong and
significant for Rajkot and Banaskantha whereas it was
h igh ly significant for A m r e l i , Bhavnagar, Jamnagar,
Mehsana, Sabarkantha and Panchmahal districts. However ,
the relationship was not significant for Ahmedabad,
Kheda, Valsad, Surat and Bharuch districts that are h igh
rainfal l areas (Table 1).
Efficient cropping zones. The distr ict-wise average R Y I
is presented in Table 2. The results reveal that out of 19
districts in Gujarat on ly 10 districts were under most
efficient c ropping zone for groundnut. Considering the
h igh R Y I values, the most efficient districts for
groundnut cul t iva t ion are Junagadh, K u t c h , Ahmedabad,
Gandhinagar, Kheda, Vadodara, Panchmahal, Valsad,
Surat and Bharuch w h i c h fal l under different
agroclimatic regions. A m o n g the ten districts on ly t w o
districts, Junagadh and A m r e l i , exhibi ted the most
stabilized R Y I ; f ive districts, Bhavnagar, Rajkot,
Mehsana, Banaskantha and Sabarkantha, exhibi ted a 
stabilized R Y I . Jamnagar, Surendranagar and Dangs
districts were classified "not eff icient" cropping zones
for groundnut because R Y I was very l o w and unstable.
Kanwar J. 1972. Cropping patterns, scope and concept. Pages
11-32 in Proceedings of the Symposium on Cropping Pattern
of India. New Delhi, India: Indian Council of Agricultural
Research.
Khambete NN and Biswas BC. 1978. Characteristics of short
period rainfall in Gujarat. Indian Journal of Meteorology,
Hydrology and Geophysics 29(3):521-527.
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time and rainfall distribution on groundnut yield. International
Arachis Newsletter 24:39-42.
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563-565.
under the crop is most negligible. Hence efforts should
be made to increase the area under the crop in other
regions of the state to enhance the groundnut
product ion in the state as a whole .
As the study was done at district level to identify the
most efficient cropping zones for the crop, in-depth study
should be undertaken at taluka and vi l lage levels of the
concerned districts to have micro- level crop planning and
delineation of most effective and efficient cropping zones.
References
From the above study the fo l lowing conclusions are drawn:
• Junagadh district is the most efficient and most stable
cropping zone for groundnut.
• A m r e l i , Rajkot and Bhavnagar districts have more
area and stable yields but the product iv i ty is very l o w .
• The districts of N o r t h Gujarat region such as
Mehsana, Sabarkantha and Banaskantha are efficient
zones w i t h stable y i e ld for groundnut but the spread is
very l o w .
• Ku tch , Ahmedabad, Gandhinagar, Kheda, Baroda,
Panchmahal and South Gujarat districts are most
efficient zones for groundnut but the product iv i ty is
very unstable and the spread is very poor may be due
to l o w or h igh rainfal l in these districts.
• A l though the y i e ld potential of groundnut is good in
M i d d l e Gujarat and N o r t h Gujarat regions, the spread
is very low. Hence efforts should be targeted to
increase the area of the crop in these districts to
enhance the groundnut product ion in the state.
• The area under the crop in the districts of Saurashtra
region is very h igh but the product iv i ty is l o w .
• This study suggests that w i t h relat ively lower R Y I in
A m r e l i , Bhavnagar, Jamnagar and Rajkot the crop is
g r o w n extensively but w i t h higher R Y I in Ku tch ,
Ahmedabad, Gandhinagar, Anand , Vadodara,
Panchmahal, Surat, Bharuch and Valsad the area
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Results and discussion
H a u l m quality characteristics predictions by N l R S .
The statistical comparison of ni t rogen content, in v i t ro
O M D and metabolizable energy content o f 90 haulm
samples as bl ind-predicted by N I R S and as analyzed by
conventional laboratory analysis is presented in Table 1.
There was very good agreement between N I R S
predicted and measured values (Table 1). The R2 for the
Groundnut breeding lines and cultivars used. The
groundnut genotypes, 860 in a l l , were g r o w n dur ing the
postrainy season 2001/02 at l C R I S A T , Patancheru, using
established I C R I S A T protocols. The genotypes came
from diverse spectra of groundnut improvement: medium
duration, confectionery type, rust and late leaf spot
resistant and aflatoxin resistant materials. Twelve cultivars
(checks) were repeated in the 2002/03 postrainy season
for the in i t i a l assessment of year-to-year effects.
H a u l m quality analysis. Haulms were analyzed by a 
combinat ion of conventional laboratory techniques and
Near Infrared Spectroscopy (NIRS) . The N I R S
instrument used was a FOSS Forage Analyzer 5000 w i t h
software package W i n l S I I I . F rom 860 haulm samples,
180 representative samples were selected based on their
N I R S spectra for conventional analyses of haulm
nitrogen content by Kje ldahl method and haulm in v i t ro
organic matter d igest ibi l i ty ( O M D ) and metabolizable
energy content as described by Menke and Steingass
(1988). The selected set of 180 haulm samples was
randomly d iv ided into 2 subsets of 90 samples each, one
for development of the N I R S calibrat ion equations and
the other for val idat ion procedures after b l ind-predic t ing
haulm nitrogen, in v i t ro O M D and metabolizable energy
content. Relationships between blind-predicted and
conventional ly analyzed variables were described by R2
and standard error of predict ion (SEP).
Materials and methods
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F o o d - F o d d e r T r a i t s i n G r o u n d n u t
Groundnut (Arachis hypogaea) is one of the key crops of
the semi-arid tropics. It is commonly cult ivated as a food-
feed crop that provides pods for human food and haulms
for l ivestock feeding (La rb i et a l . 1999, Omokanye et al .
2001). F rom farmer part icipatory studies in the Deccan
plateau of India, Rama Dev i et al . (2000) concluded that
food from grain/pods and fodder f rom the crop residues
almost equally contribute to l ivel ihoods in mixed-crop
livestock systems. I t was because of this important dual-
purpose usage of groundnut that the groundnut
improvement group of the International Crops Research
Institute for the Semi -Ar id Tropics ( I C R I S A T ) and
livestock nu t r i t ion group of the International Livestock
Research Institute ( I L R I ) , Patancheru, India started to
explore col laborat ively the potential for improv ing pod
y ie ld and haulm quantity and quali ty. Successful
inclusion of haulm fodder traits in to groundnut
improvement has three prerequisites:
1. Lives tock-nut r i t iona l ly important genotypic variat ion
in haulm value (quanti ty and qual i ty) ;
2. Laboratory infrastructure that can predict fodder
qual i ty in a large number of plant entries; and
3. No serious t rade-off between pod and haulm traits.
The w o r k reported here investigated haulms from 860 . 
breeding lines and cultivars of groundnut considering
these three prerequisites.
Utilization
Table 1. Comparisons of NIRS blind-predicted nitrogen, in vitro organic matter digestibility ( O M D ) and metabolizable
energy ( M E ) content with actually analyzed values in haulms of 90 groundnut genotypes.
NIRS blind-predicted trait
Haulm nitrogen
Haulm in vitro O M D
Haulm in vitro ME
Agreement between NIRS predicted (y) and analyzed value (x)
y = 0.18 + 0.9x; R2 = 0.94; SEP1 = 0.06
y = 8.2 + 0.85x; R2 = 0.92; SEP = 0.88
y = 0.5 + 0.93x; R2 = 0.93; SEP = 0.13
1. For assessments of standard error of predic t ion (SEP), see also mean and range in Table 2.
52 IAN 25, 2005
IAN 25, 2005 53
intakes and therefore low livestock product ivi ty ( V a n
Soest 1994). Ni t rogen content of haulms among
genotypes varied by almost 100% (Table 2), ranging
from 1.2 to 2.3% (or 7.5 to 14.4% protein content) w i t h a 
mean value of 1.7%. Thus, haulms even from genotypes
relatively l o w in nitrogen w i l l supply m i n i m u m microbial
nitrogen requirement resulting in acceptable levels of
intake and therefore livestock product iv i ty (see also
et al. 2005). S imi lar ly , a range of about 10 units
in i n v i t ro O M D (Table 2) w i l l have important effects on
livestock product ivi ty . As shown recently ( et
al . 2005), the differences amongst genotypes for haulm
digest ibi l i ty of 7 . 1 % ( in v ivo) and 7.5% ( in vi t ro) were
associated w i t h differences in l ive weight gain in sheep of
about 100 g day-1.
The range in metabolizable energy content amongst
genotypes was proport ional ly sl ightly higher than the
range in in v i t ro O M D , conf i rming the important
differences amongst genotypes for haulm qual i ty .
Br ie f ly , metabolizable energy content is potent ial ly a 
more precise estimate of fodder qual i ty than diges t ib i l i ty
because losses in urinary and methane energy are taken
into account, and metabolizable energy values can be
direct ly used to predict m i l k y ie ld and meat product ion.
relationships were we l l above 0.90, wh ich is considered
excellent part icular ly for b io log ica l methods l ike
determinat ion o f in v i t ro O M D and metabol izable energy
content assessed on the basis of inoculat ion of substrate
w i th rumen microorganism. N IRS analysis is much quicker
and cheaper than convent ional analysis and is easy to
integrate into rout ine crop improvement wo rk , wh i l e
convent ional analysis is not. Establishment of accurate
N I R S equations for predict ions of groundnut haulms
quality is, therefore, an important step towards implement ing
groundnut improvement for haulms fodder qual i ty.
Variations amongst genotypes for haulm fodder quality
traits. H i gh l y s igni f icant differences amongst genotypes
were found for ni trogen content, in v i t ro O M D and
metabol izable energy content of the haulms (Table 2).
Further, the range in these traits was large enough to have
important relevance for l ivestock feeding. For example,
low ni t rogen content is often considered the most l im i t i ng
factor in ut i l izat ion of crop residues as fodder. Rumen
microbes require a m i n i m u m of 1 to 1.2% ni t rogen (or
6.25 to 7.5% prote in, since protein is calculated as N x 
6.25) in the fodder to ef fect ively degrade it . N i t rogen
content be low this threshold results in l ow voluntary feed
Table 3. Relationships between haulm and pod traits in groundnut.
Trait comparisons1
Haulm N (x) versus pod yield (y)
Haulm N (x) versus haulm yield (y)
Haulm in vitro OMD (x) versus pod yield (y)
Haulm in vitro OMD (x) versus haulm yield (y)
Haulm in vitro ME (x) versus pod yield (y)
Haulm in vitro ME (x) versus haulm yield (y)
Haulm yield (x) versus pod yield (y)
Digestible haulm yield (x) versus pod yield (y)
n
860
839
860
839
860
839
839
839
Relationship
y = 1427 + 1303x; r = 0.28; P <0.0001
y = -2911 + 3569x; r = 0.26; P <0.0001
y = 2163 + 25.7x; r = 0.05; P = 0.13
y = -617 + 173.9x; r = 0.23; P<0.0001
y = 734 + 365x; r = 0.13; P <0.0001
y = -5816+ 1129x; r = 0.27; P <0.0001
y =2671 +0.31x; r = 0.46: P<0.0001
y = 2708 + 0.52x; r = 0.45; P <0.0001
1. N = N i t rogen ; O M D = Organic matter d igest ib i l i ty ; ME = Metabol izable energy.
Table 2. Means and ranges of nitrogen content, in vitro organic matter digestibility (OMD) and metabolizable energy (ME)
content and their least significant difference (LSD) and probability values (P) for haulms of 860 groundnut genotypes.
Haulm trait
Nitrogen (%)
In vitro OMD (%)
In vitro ME (MJ kg-1)
Mean
1.7
56.3
7.9
Range
1.2-2.3
51.7-61.1
6.9-8.9
LSD
0.16
1.9
0.4
P
<0.0001
<0.0001
<0.0001
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Groundnut (Arachis hypogaea) haulms provide important
fodder resources for l ivestock feeding in mixed crop-
l ivestock systems in developing countries (La rb i et al .
1999, Rama D e v i et a l . 2000, Omokanye et a l . 2001). In
these systems fodder shortage is considered one of the
major constraints to h igh livestock produc t iv i ty and its
corol lary, h igh income f rom the market ing of l ivestock
products. Shr ink ing common property resources and the
l i t t le or no scope to expand arable land are further
l i m i t i n g the avai labi l i ty of fodder resources in the rainfed
semi-arid tropics. These factors are increasing the value
of groundnut as a food-feed crop for w h i c h both pod and
haulm yields and qual i ty traits are important . I m p r o v i n g
the product iv i ty of groundnut can address pod as w e l l as
haulm traits, but there is a - lack of informat ion on the
var iab i l i ty amongst cult ivars for the fodder qual i ty of
their haulms. This w o r k reported here investigated the
var iab i l i ty in cultivar-dependent fodder qual i ty o f
groundnut haulms through measurement of product iv i ty
parameters of young sheep.
M S Vellaikumar1, R Devulapalli1,
SN Nigam2, HD Upadhyaya2 and A Khan1 (1. International 
Livestock Research Institute (ILRI), Patancheru 502 324,
Andhra Pradesh, India; 2. ICRISAT, Patancheru 502 324,
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Broad sense her i tabi l i ty for fodder traits estimated in
12 cultivars (that served as checks in the t w o consecutive
growing seasons) g rown in 2001/02 and 2002/03 postrainy
seasons was 0.72 for ni t rogen content, 0.72 for in v i t r o
O M D and 0.67 for metabolizable energy content.
Relationship between pod yields and haulm quantity
and quality. The relationships between haulm fodder
quali ty traits and pod and hau lm y i e l d in 860 genotypes
are reported in Table 3. It is encouraging to note that
haulm fodder qual i ty traits and pod and hau lm yields
were not inversely related. Even though h ighly significant,
the relationships were generally weak (Table 3) . The
strongest relationship (R2 = 0.21) was observed between
pod and hau lm y i e l d , but even in this relationship most of
the var ia t ion (79%) remained unaccounted for. The latter
f inding suggests that hau lm yields should be recorded in
its own right in groundnut improvement since a considerable
degree of independence seems to exist between pod and
haulm yields and h igh pod y i e ld is not automatically
associated w i t h h igh hau lm y i e ld . To summarize, the
relationships presented in Table 3 show that h igh pod
yield and superior haulm quality and quantity are compatible
traits.
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Table 1. Organic matter digestibility ( O M D ) , organic matter intake ( O M I ) , digestible organic matter intake ( D O M I ) and live
weight gain ( L W G ) estimated when haulms from 11 groundnut cultivars were fed to sheep.
Cultivar
ICGV 89104
ICGV 91114
T M V 2 
ICGV 92093
ICGV 92020
ICGV 86325
ICGS 76
ICGS 11
DRG 12
ICGS 44
ICGV 86590
LSD
O M D (%)
72.7
72.6
71.4
71.9
69.7
67.3
66.4
67.4
68.6
65.6
67.0
2.2
O M I (g/kg0.75)1
92.9
93.4
98.1
93.7
94.3
94.4
100.1
85.6
86.2
87.7
89.9
11.3
D O M I (g/kg0.75)1
67.5
67.9
70.0
67.4
65.7
63.5
66.4
57.7
59.1
57.5
60.0
8.9
LWG (g day-1)
151
135
122
119
105
94
100
74
68
69
51
41.4
1. L i v e weight was expressed as metabolic l ive weight , w h i c h is l ive weight to the power of 0.75 to account for possible absolute difference in l ive
weigh t between groups.
Significant differences amongst cultivars were observed
for O M D , organic matter intake ( O M I ) , digestible organic
matter intake ( D O M I ) and l ive weight gains ( L W G ) in
Results and discussion
Haulms from improved germplasm/released groundnut
cultivars ( I C G V 89104, I C G V 91114, T M V 2 , I C G V
92093, I C G V 92020, I C G V 86325, ICGS 76, ICGS 11,
ICGS 44, D R G 12 and I C G V 86590) were harvested at
fu l l pod matur i ty from seed mul t ip l ica t ion trials at the
International Crops Research Institute for the Semi -Ar id
Tropics ( I C R I S A T ) , Patancheru, India. Four of the
cultivars ( D R G 12, ICGS 11, ICGS 44 and I C G V 86325)
were harvested and fed in t w o different years. Haulms
were fed ad l i b i t u m as sole feed to g r o w i n g Deccani
sheep w h i c h had a mean in i t ia l l ive weight of about 18 kg .
Ad l i b i t u m feed intake was adjusted by a l l owing less than
10% of refused feed. The haulm of a cul t ivar was fed to
six sheep kept in metabolic cages. The sheep were
adapted to a cul t ivar for 3 weeks, f o l l o w i n g w h i c h feces
were collected for 10 days. The sheep were weighed
before the start of the t r ia l and before and after the 10-day
collect ion period on t w o consecutive days for w h i c h
mean weights were calculated. The groundnut haulms
were analyzed in the laboratory for ni t rogen content by
Kjeldahl method and for neutral detergent f iber ( N D F ) ,
acid detergent fiber ( A D F ) , acid detergent l i gn in ( A D L )
and for in v i t ro true organic matter digest ibi l i ty ( O M D )
as described by Goer ing and V a n Soest (1970).
Materials and methods sheep (Table 1). Greatest differences amongst cultivars
were observed for dai ly L W G . L i v e weight gains in the
four cultivars ( D R G 12, ICGS 11, ICGS 44 and I C G V
86325) that were harvested and fed in t w o different years
d id not differ significantly (P >0.05) between the years.
Therefore mean values over the t w o years are reported in
Table 1 . When fed haulms of cult ivar I C G V 89104,
sheep gained dai ly more than 150 g l ive weight , w h i c h
was probably close to the growth potential of Deccani
sheep (N Krishna, formerly a t A N G R A U , Hyderabad,
India, personal communication) wh i l e sheep gained only
about 50 g on haulms of cult ivar I C G V 86590. The
cultivar-dependent var ia t ion in L W G varied by almost
threefold. These observations conf i rm that groundnut
haulms are excellent fodder for ruminant livestock,
probably as good or better than most of the planted
forages in the semi-arid tropics, and that l ivestock
product iv i ty can be increased through choice of
groundnut cultivars.
The indirect haulm quality estimates, O M D , O M I and
D O M I accounted for 0.71 (P = 0.001), 0.34 (P = 0.06)
and 0.76 (P = 0.0004) of the variation in dai ly L W G ,
respectively. The strong positive relationship between
O M I and L W G is encouraging because O M I can be
estimated by simple laboratory techniques based on
rumen microorganisms, ie, in v i t ro O M D . Established
relationships between laboratory haulm quality traits and
the product iv i ty of livestock when fed the haulms are
essential if haulm quali ty is to be effectively targeted in
mult idimensional crop improvement, since animal
experimentation is unsuitable for routine screening work
in crop improvement work .
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Table 3. Relationships between laboratory haulms quality measurements (as in Table 2) and digestibility, intake and live
weight gain ( L W G ) measurement in sheep fed haulms from 11 cultivars of groundnut1.
Variable
Nitrogen
NDF
ADF
A D L
In vitro O M D
O M D
0.06 (P = 0.86)
-0.17 (P = 0.62)
-0.22 (P = 0.52)
-0.70 (P = 0.02)
0.72 (P = 0.01)
O M I
-0.18 (P = 0.57)
0.25 (P = 0.45)
0.35 (P = 0.29)
-0.36 (P = 0.27)
0.10 (P = 0.77)
DOMI
-0.09 (P = 0.80)
0.08 (P = 0.81)
0.12 (P = 0.72)
-0.62 (P = 0.04)
0.45 (P = 0.17)
LWG
-0.11 (P = 0.75)
0.04 (P = 0.90)
-0.29 (P - 0.40)
-0.76 (P - 0.007)
0.74 (P = 0.01)
1. O M D = Organic matter d igest ib i l i t y ; O M I = Organic matter intake; D O M I = Digest ib le organic matter in take; N D F = Neutra l detergent f iber ;
A D F = A c i d detergent f i be r ; A D L = A c i d detergent l i gn in .
Table 2 presents laboratory fodder qual i ty traits,
content of n i t rogen (N x 6.25 is an estimate of crude
protein content), N D F , A D F , A D L and i n v i t ro O M D ,
wh ich are of ten employed in roughage and forage
analysis. F rom the perspective of ruminant nu t r i t ion , un -
supplemented fodder should contain a m i n i m u m of 1.2%
of ni t rogen (Van Soest 1994) required as a cr i t ica l basal
nutr ient for the rumen microbes to digest fodder
ef f ic ient ly . The results in Table 2 show that a l l haulms
had ni trogen content we l l above this threshold level .
Neutral detergent f iber is an approx imat ion of total cel l
wa l l content (cel lulose + hemicel lulose + l ign in) and the
digest ib i l i ty o f N D F by rumen microbes depends on the
chemical structure o f N D F , part icular ly the degree o f
l ign i f ica t ion. On the other hand cel l contents (100 -
N D F ) are thought to be almost completely digestible and
al l haulms investigated consisted o f more than 5 0 % of
cel l content (Table 2). In v i t ro O M D var ied amongst
cult ivars by 7.5 units, wh i ch is of s imi lar magnitude to the
range in O M D observed in sheep (7.1 percentage units,
see Table 1). Mean in v i t ro O M D was 83.5% compared
to 6 9 . 1 % in sheep, w h i c h agrees we l l w i t h the theoretical
dif ference of 12.9 percentage units (Van Soest 1994)
expected for the part icular in v i t ro d igest ib i l i ty method
employed, w h i c h was a " t r u e " d igest ib i l i ty measurement,
rather than the "apparent" d igest ib i l i ty measurement
obtained in sheep.
The relationships between laboratory haulm qual i ty
estimates and digestibil i ty, intake and L W G measurements
in sheep fed on the haulms are reported in Table 3.
Signi f icant inverse relationships were observed between
A D L and O M D , D O M I and L W G i n sheep. Signi f icant
posit ive relationships were observed between in v i t ro
O M D and O M D and L W G i n sheep. General ly, the
laboratory measurements accounted for approximately
50 to 5 8 % of the var iat ion in the measurements in sheep.
To conclude, substantial var iat ion in fodder qual i ty o f
groundnut haulm from this sample of cultivars was observed,
such that the var iab i l i ty could be explo i ted through crop
improvement for higher livestock product iv i ty . F rom the
laboratory measurements in v i t ro O M D and l ign in content
seem to be suitable for use in the in i t ia l screening of
germplasm but further development of the laboratory qual i ty
traits is required.
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1.8
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2.6
2.4
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2.0
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2.2
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NDF ADF
( % ) ( % )
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